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REPORT 

OF THB 

SUPERINTENDENT, U. S. COAST AND GEODETIC SURVEY. 



Department of Commerce, 
Coast and Geodetic Survey, 

Washington. October 5, 1916. 

Sir : There is submitted herewith my annual report as Superin- 
tendent of the United States Coast and Geodetic Survey for the fiscal 
year ended June 30, 1916. 

INTRODUCTION. 

In my annual report for the year ended June 30, 1915, Part I dealt 
with the needs of the Bureau and Part II with the field and office 
work. The present report is divided into three parts as follows: 

Part I outlines the functions of the Bureau, its reorganization, the 
branches into which it is divided, their functions, what has l)een 
accomplished in the office during the year just passed, and the needs 
of the office. 

Pali; II deals with the urgent needs in the field and necessary ex- 
pansion of the work. 

Part III is a detailed statement for the past year of accomplished 
field and office work of the Bureau, accompanied by illustrations as 
required by statute, to show the progress made. 

1 



Fart I.— OBOANIZATION, FUNCTIONS, AND NEEDS OF THE BTTBEATT. 

/ 

The organic act establishing this Bureau was approved February 
10, 1807 (2 Stat. L., 413), and is as follows: 

AN ACT To provide for surveying the coasts of the United States. 

Be it enacted by the Senate and House of Representatives of the UJiited 
States of America in Vonyress assembled, Tliat the President of the Unite<l 
States shall be, and lie is hereby authorized and re(iueste<l, to cause a survey to 
be taken of the coasts of the Uniteil States, In .which shall be desijifnated the 
islands and shoals, with the roads or places of anchorage, within twenty leagues 
of any part of tJie shores of the United States ; and also the respective courses 
and distances betwt^n the principal capes, or head lands, together with such 
other matters as he may deem proper for completing an accurate chart of every 
part of the coasts within the extent aforesaid. 

Sec. 2. And be it further enacted. That it shall be lawful for the President of 
the Unlttxl States to cause such examinations and observations to be made, 
with respect to St. George's bank, and any other bank or shoal and the sound- 
ings and currents beyond the distance aforesaid to the Gulf Stream, as in his 
opinion may be especially subservient to the commercial Interests of the United 
States. 

* Sec. 3. And be it further enacted. That the President of the United States 
aha 11 be, and he is hereby authorized and requesteil, for any of the purposes 
aforesaid, to cause proper and Intelligent persons to be employed, and also such 
of the public vessels in actual service, as he may judge expedient, and to give 
such Instructions for regulating their conduct as to him may appear proper, 
according to the tenor of this act. 

Sec. 4. And be it further enacted. That for carrying this act Into eftect there 
shall be, and hereby is appropriated, a sum not exceeding fifty thousand dollars, 
to be paid out of any monies In the treasury, not otherwise appropriated. 

The provisions of this act have been modified and added to from 
time to time until at present, broadly speaking, the functions of this 
Bureau are to make surveys of the coasts of the United States, 
Alaska, and our island possessions in order to procure data for ac- 
curate charts which will show the coast lines and such topography 
as is necessary for the needs of the navigator, the depths of water 
along these various coasts, with such accompanying coaust pilots, sail- 
ing directions, and tide tables as are necessary to enable the mariner 
saiely to traverse these waters. 

It is also the duty of this Bureau to establish magnetic meridian 
lines and to furnish for surveyors, engineers, and others fundamental 
elevations and geographic positions in the interior of the United 
States and Alaska, and to make gravity observations. 

PRESENT ORGANIZATION OF THE BUREAU. 

For the accomplishment of these purposes, the Bureau has been 
organized since my last report into divisions and sections as follows: 

OFFICE OF ASSISTANT IN CHARGE. 

This division has charge of the upkeep and management of the 
buildings occupied by the Bureau, the purchase and distribution of 
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all instniments and miscellaneous supplies for the office. It receives 
and accounts for all moneys realized from the sale of publications, 
condemned j^roperty, and for work done for outside parties. It also 
has charge of the time records of the entire personnel of the Bureau 
and of the freight and express shipments made to and from the office 
at Washington. 

Attached to the Office of the Assistant in Charge are the following 
sections, each under the direct supervision of a chief: (1) Section of 
instruments; (2) section of printing and sales; (3) section of library 
and archives; and (4) section of miscellaneous. The functions of 
these Various sections are outlined below : 

Section of imtruments, — The chief of this section designs, makes 
drawings for, and supervises the construction of new instruments and 
pails thereof which are required in the operations of the Service. 
This section is charged with the responsibility, care, upkeep, issue, 
and accounting for all instruments and general property of the 
Service; also their packing, unpacking, shipping, and receipt. 

Section of printing and sales. — This section attends to the printing 
of charts from the copper or aluminum plates on plate and litho- 
graphic printing presses and the sale and distribution of these charts 
and other nautical publications. 

As a part of the office of the Assistant in Charge, and closely re- 
lated to the printing and sales section, there is maintained a shop 
where electrotypes are made of the copper printing plates. 

Section of libmry and archives, — This section has the keeping of 
the original records of field observations, the office computations and 
adjustments, and the technical library of books and periodicals main- 
tained by the Bureau. 

Section of mdsceUaneous. — This section is charged with the pur- 
chase of the supplies and equipment for the office work and certain 
supplies and equipment for the field parties. It maintains a store 
of stationery for the office and field forces, as well as the necessary 
blank books for field observations. 

Dr\^ISI0N OF HYDROGRAPHY AND TOPOGRAPHY. 

Under this division are carried on the various hydrographic and 
topographic surveys and resurveys along the coasts of the United 
States^ Alaska, and our insular possessions, principally Porto Rico, 
Hawaiian Islands, and the Philippines, and approaches to the Panama 
Canal. This division also has the supervision of the Bureau's four 
suboffices, located at New York, Galveston, San Francisco, and 
Seattle, and the office at Manila. 

This division is subdivided into the following sections under sepa- 
rate chiefs and all under the general direction of the chief of the 
division: (1) Section of field work ; (2) section of field records ; (3) 
section of vessels and equipment; (4) section of coast pilot; and 
(5) section of tides and currents. The duties assigned to these vari- 
ous sections are as follows: 

Section of field work, — ^The chief of this section prepares outlines 
of survey projects, formulates plans for their execution, advises the 
division on the conduct of all neld operations, and has charge of the 
division in the absence of his chief. 
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Section of field records. — In this section the records of the field 
observations made under the direction of the division of hydrography 
and topography are reviewed, departures from approved methods are 
indicated for correction, and jDractices worthy of general adoption are 
noted for the use of the Service. In cooperation with the other sec- 
tions of the division, especially the section of Held work, the results 
of the exnniination of the field records are utilized in planning and 
directing the field work. 

Section of vessels and equipment, — ^This section has charge of the 
purchase and maintenance of vessels and all equipment of hydro- 
graphic and topographic parties. It prepares plans and specifica- 
tions, and supervises the repairs to the fleet and the construction of 
new vessels. Its duties include freijuent inspection of the vessels, 
their equipment and personnel. 

Section of coast jnlot. — This section collects information for and 
compiles the Coast l^ilots and Inside Boute Pilots for the coasts of the 
United States, Alaska, and our insular possessions. The field work 
of the section enables its members to advise the chief of the division 
of the condition of the surveys and discrepancies in the published 
chaits. 

Section of tides and currents. — This section, from data obtained 
from observations made at the dilFtMcnt tidal and current stations 
maintained by the Bureau, and from all other available sources, 
prepares the annual Tide Tables, and furnishes all tidal and current 
data for other nautical publications of the Survey and for the public. 

DIVISION OF GEODESY. 

This division is under the supervision of a chief and an assistant 
chief. The province of the division of geodesy is principally the 
extension of the network of precise leveling throughout the United 
States and Alaska for the control of levels run by other Government 
bureaus and by State and city officials, as well as by private individ- 
uals and corporations; the determination of get^graphic positions 
by triangulation or traverse for the control of Federal. State, and 
county boundaries, and other engineering work in all ])arts of the 
United States and Alaska; also the determination of field astronomic 
positions and the establishment of stations at which the intensity 
of gravity is determined. 

The triangulation and traverse done in the interior of the United 
States and of Alaska are of a primary nature and are used as bases 
of control for the detailed triangulation and traverse by organiza- 
tions which are making topographic or other surveys. Along the 
coasts the triangulation done by the Survey comes either directly or 
indirectly under the division of gecnlesy. It is of a detailed nature, 
intended for the control of topographic and hydrographic surveys 
made by the field parties of the Bureau in the construction of nau- 
tical charts. 

Thesi» mav be considered the field operations of the division. 

In the office the observations made in the field are computed and 
adjusted and the results are i)repared for publication, in order that 
they may be available for anyone who needs to use them. 

About 90 per cent of the work of the division is of a purely prac- 
tical character and of immediate commercial or industrial value. 
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Equally' important, however, is the other work done by the division, 
which consists of research into the scientific phases of geodetic work, 
such as the determination of the shtipe and size of the earth and of 
the variation of the densities in the outer poi'tion of the earth. 

DIVISION or CHARTS. 

Under the direct supervision of a cliief and assistant chief this 
division prepares from the results of the field work new charts and 
keeps existing charts up to date by adding new data. It maintains 
complete indexes and diagrams of all surveys, reports of dangers, 
harbor improvements, and chan*. s of lights and buoys. It engraves 
the copper plates from which the charts are printed and does all the 
photographic work for the Bureau. 

The following sections, each under a chief, are under the super- 
vision of the chief of the division: (1) Section of drafting; (2) sec- 
tion of engraving; and (3) section of photography. 

Section of drafting.r—ln this section are compiled the results of 
surveys and all other information for new charts, new editions, and 
new prints. It furnishes the compilation drawings for the engravers 
and the finished drawings for the lithographers, verifies the proofs 
of all engraved work and the successive color prints for each litho- 
graphic chart, and does all the miscellaneous drafting for the Bureau 
The chief of this section is also assistant chief of the division. 

Section of engraving. — from the compilation drawings furnished 
by the dratting section, this section engraves the charts on copper 
printing plates and makes entirely new plates for new charts and cor- 
rects existing plates where changes have occurred, to bring them up 
to date. 

Section of photography. — This section furnishes rejproductions of 
hydnjgraphic and topographic field sheets and record books, geodetic 
and tidal computations, and does all miscellaneous photographic 
work. 

DIVISION OF TERRESTRIAL MAGNETISM. 

This division is under the direct supervision of a chief and as- 
sistant chief. It is charged with the supervision of the magnetic 
observations in the field and^it the magnetic observatories, with their 
computation in the office, the discussion of the results, and their 
preparation for publication in the form of tables and magnetic maps, 
as well as compass data for the charts. 

DIVISION OF ACCOUNTS. 

Under a chief this division examines and adjusts, preparatory for 
forwarding to the Auditor for the State and Other Departments, the 
accounts for every ex])enditure bv the Bureau. It also disburses all 
the moneys appropriated for the bureau. 

The diagram on the inserted folder will give a clear conception of 
the units of divisions and sections that go to make up the organization 
of the Bureau. (See fig. 2.) 
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SOME BENEFITS RESULTING FROM REORGANIZATION. 

Early in the fiscal year it became apparent that more and better 
results could be accomplished hy changes in the organization. After 
consultations and careful consideration a reorgamzation of certain 
sections and divisions was effected on October 15, 1916. A further 
rearrangement was made in July, 1916. These provided more com- 
pactness and that closely allied work should be placed in a single divi- 
sion. The results have been most gratifying, as is shown by increased 
and l)etter output. 

The present organization of the Survey with the duties of each 
unit, whether division or section, is shown in the preceding pages. 
Under the new arrangement the intricate details receive the attention 
of persons who have had experience in each of the particular 
branches. They are planning new hydrographic surveys, inspecting 
and caring for the field sheets on their arrival in the office, standard- 
izing the equipment and expediting the repairs to the Bureau's 
vessels, compihng information for coast pilots, and preparing tidal 
and current tables. Prior to the reorganization nearly all oi these 
subjects were managed by a chief of division and one assistant (and 
necessarily ineffectually). In the place of an unwieldy and unsatis- 
factory organization, where business was so congested that at no 
time could any piece of work or project be thoroughly studied, 

Slanned, and examined before its execution was attempted, there have 
eveloped more definitely laid plans for the execution of each project 
and the work is moving along in an orderly and efficient manner. 

A fruitful result of the changes in the organization is the marked 
acceleration in the production of the Survey's printed charts. Due 
largely to an increased shipping business, the demand for the charts 
of the Bureau had taken such an upward trend that its facilities for 
their production were taxed as they had never before been taxed 
during the entire history of the Bureau. (See fig. 3.) 

That the changes made were for the betterment of conditions is 
shown by the fact that at the time they were ]>iit into effect 200 
different charts were out of print and there* is an aggregate 
demand for 6,703 copies of charts that could rot be supplied, and 
tiiat within a comparatively short time after the changes had been 
made the number of charts out of print had been reduced to 25 and 
the number of copies of charts that could not be supplied to meet the 
current public demand had decreased to 904. 

To show further the beneficial results of the changes, it may be said 
that the records show that very nearly as many charts were printed 
during the month of August, 1916, as were printed during the 
months of July, August, and September of the preceding year. 

In connection with this subject, it may be well to advert brieflv to 
the question of the inspection of the agencies through which these 
chails are sold to the public. The Bureau disposes of its charts 
through agents. This method has worked satisfactorily for a num- 
ber of years, and is the best known means of getting the Bureau's 
nautical publications to distributing points most accessible to the 
maritime public. One point, however, that had been more or less 
overlooked previous to the past fiscal year is that but little attention 
was paid to the nature of the stock of charts, and other nautical pub- 
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lications, that these agents carried, except to hold them account- 
able financially for what they received. 

During the year forms oi reports were prepared on which each 
agent is required to make at stated intervals exact reports of th6 
charts he has on hand and the date to which corrections on them 
have been made (each chart having noted on it the date to which it 
has been corrected). In this manner there were weeded out of the 
stocks of the Bureau's agents over 11,000 copies of charts on which 
the information w^as either obsolete or absolutely misleading to the 
mariner. These reports were supplemented by personal inspection 
by the Bureau's officers. This method of inspection will be carried 
on annually. Therefore, it may be safely said that the stocks of 
charts carried by the agents of the Bureau are now more nearly up 
to date than they have been at any previous time. 

Another innovation in respect to the medium through which the 
Bureau's charts are disposed of to the public was put into effect 
during the year — ^that oi making the Bureau's various suboffices dis- 
tributing points for them. These suboffices were serving the purposes 
of lending every possible assistance in the way of distributing in- 
formation to the maritime public at the points where they are located 
and of collecting nautical information for this Bureau in their 
\ arious localities. It was proper, and to the public interest, to make 
these suboffices also distributers of the Bureau's publications. This 
has been done to the advantage of both the Bureau and the public. 

DETAILS REQUIRED IN PREPARING A NAUTICAL CHART. 

The surveys for and the publication of charts have been extended to 
cover one section of the coast after another until to-day charts are 
being printed of the coasts of the United States from the northern 
Doundary of Maine to the southern boundary of Texas on the Atlantic 
and Gulf coasts, and from the southern boundary of California to 
the northern boundary of Washington on the Pacific coast, also of 

e coasts of Alaska, the Philippine Islands, Hawaii, and Porto Rico, 
^here is a total of something over 103,000 miles of coast line now 
covered by 660 different charts. 

The method of printing the charts from engraved copper plates has 
survived to the present day and was the only means employed in this 
office up to January, 1905, when a lithographic press was installed. 
Then we began printing charts from the lithographic stones. With 
Jhe development of the process of making direct transfers from the 
prepared drawings to aluminum plates, the majority of charts are 
now printed on the lithographic press from those plates. 

Prof. Hrissler was the pioneer in the charting or the waters of the 
country under difficulties incident to his having nothing in the way 
of precedent for guidance as each step was taken by him. The scien- 
tific world looks with admiration on the work done by this master 
inder difficulties that are little appreciated in this modern day with 
all the conveniences at hand in the way of transportation for carry- 
ing on the work and with surveying instruments that a ('(»ntury of 
experience has developed to a high degree of utility and precision. 
But even with these modern conveniences the general public is little 
aware of the enormous amount of detail in observations, soundings, 
^nd computations that go to make up one of our charts. 
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Take, for example, the chart of the northern part of Cook Inlet, 
Alaska. In the production of this single chart 12 hydrographic field 
sheets shewing soundings were made, 16 topographic field sheets 
showing land features were drawn^ G7 volumes were necessary for 
recording the soundings taken to show the de|>ths of the waters, and 
22 volumes contain the tidal observations. There were also 20 
volumes of horizontal angle observations, 7 volumes of vertical angle 
observations, and magnetic observations. And, after these observa- 
tions had been made, the office computations of the results had to be 
made, and from all these records and computations was compiled the 
drawing for the chart, and from this compiled drawing Avas made 
the finished drawing later transferred to the aluminum plate, from 
which is i^rinted the chart. 

The amount of detail required as to each particular chart covering 
a given section of our coasts is illustrated by figure 4. 

It must not be assumed that after the different sections of our 
coasts have once been charted the work is done for all time and that 
nothing remains to be done, for on some parts of our cna^^t.s very 
few surveys by this Bureau have been macie, and this is especially 
true of the coast of Alaska; and as both nature and man are con- 
tinually changing the face of the earth so will resurveys always be 
necessary. 

In order to give the public at the earliest possible date all the 
information at hand, charts of sections of this coast have been pre- 

?ared from the information that in many instances has been compiled 
rom very old surveys. Indeed, on the coast of Alaska some of the 
information is taken from the surveys made by Russia long before 
that territory was purchased by the United States. 

While the charts in question have been issued with all available 
information at the time they are printed, yet they should be sup- 
planted by charts made from the results oi up-to-date surveys just 
as fast as the latter can possibly be made. 

When we consider those sections of our coasts wliere civilization 
is older and the population is more dense, we find that while there 
may be no gaps in the surveys as originally made, yet the ver}- pres- 
ence of a dense population is responsible for changes in the shore 
line and the doptiis of water that must be shown on our charts. 

In the harbors and approaches to most every city of anv com- 
mercial inqxirtance on the Atlantic coast channels are continually 
being dredged and deepened, and the new depths are required to 
be shown: new canals are being oi)ened, and the waters at their 
approaches must be resurveyed and more minutely examined. 
Buoys, lights, and other aids to navigation are continually l)eing 
added to or shifted, and they must be shown on the charts in their 
new positions. Also, the prominent landmarks, such as chimneys, 
water towers, tall buildings, etc., which are shown on our charts as 
guides to the navigator, are continually being changed, necessitating 
changes on the charts. 

Furthermore, during the course of the past deca<le a new method 
of surveying our waters has i)een develoj)eu, known as wire dragging, 
and by this method dangers to navigation are being found that 
escaped the nn^st careful surveys with the lead line, and each new 
danger found means a revision of a chart. 
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NEED OF MODERN BUILDING. 

It is of passing interest to many to see the former home of Gen. 
Benjamin Butler, but these are not told that part of that home and 
the adjoining brick building constitute the office of the United States 
Coast and Geodetic Survey. 

Prior to 1871 this Bureau was housed in various small buildings 
near New Jersey Avenue and C Street SE. During that year Messrs. 
T. and A. T. Kichards completed the building at what is now '205' 
New Jersey Avenue SE., with the understancling that it would be 
leased by the Government for a 10-year period for the use of the 
Coast and (ieodetic Survey. 

The builders must have anticipated the possibility of the Govern- 
ment not retaining the building after the 10-year period, in which 
event it would be used as a hotel, for the style of architecture is that 
of hotels that were built in those days. It is divided into a great 
number of small rooms, with half flights of stairs front and rear, and 
each floor level of the front building is a half flight above a floor level 
of the rear building. 

In 187H Gen. Butler built of Massachusetts granite what in those 
days was beyond question a magnificent h<;me, with quarters for the 
servants in the basement and with stables in the rear. Until a few 
years ago the elegance of this home was plainly visible in the elabo- 
rate frescoing, the artistic chandeliers, and the commodious fire- 
places. This building was occupied as a residence until 1891, when 
it was rented to the Government for the use of this Bureau, and in 
the same year both the home and stable were purchased for the same 
purpose. 

As a result, this Bureau is now housed in part of one building 
that was erected for a dwelling and in another that was built for a 
hotel. Were this literally an ''office'' building and nothing else, no 
gi*eat hardship would be suffered from being housed in such unsuit- 
able quarters, but since in addition to the administrative offices being 
located in them there are also operated a printing plant, a machine 
shop, a carpenter shop, a lithographic i)lant, etc., I shall undertake 
to set out in detail the difficulties that are met with. 

As the depths of water are measured along our coasts, thev are 
recorded on what is termed a "field hydrographic sheet'' (which is 
usually a sheet of cloth-backed paper with approximate dimensions 
of 30 by 52 inches). As there is not room on this sheet for all the 
notes that are taken in regard to the survey, a record of various data 
is made in books. The field hydrographic sheet contains i^rincipally 
the figures showing the depths and drawings of the shore lines. The 
position of the boat or vessel when these soundings arc taken is ac- 
curately' determined from observations on objects ashore, and ligures 
showing the various positions of the boat are also placed on the >lu»et. 

As the work of survey inji: progresses, more and moi-e figures show- 
ing soundings and the ])ositions of the boat are added to this sheet, 
and bv the time the survev of the area is made it usiiallv contains 
thousands of figures. When it is consiileied that on this sheet is 
represented the work of many people for ])erhaps months or years, 
and often that of a surveying vessel, the importance of preserving it 
from injury is manifest. It is roughly estimated that each of the 
various sheets of this kind (and there are nearly 8,000 in the archives 
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of this Bureau) would require on an average $7,000 for its duplica- 
tion and other records made with it, should it be destroved. In 
round li^ui^es these cost originally about $56,000,000. (See fiir. T).) 
. Time and experience have shown that the l^est method of Keeping 
these sheets from injury and from the ill effects of dust and d.rt is 
to put them in tubes made of galvanized iron, each fitted with a cap 
at one end. For purposes of identification each is assigned a number 
corresponding to the numbered field sheet it contains. 

Now, it is perfectly clear that records of this vahie should be kept 
where they will l)e the least exposed to the danger of fire, and this is 
almost impossible in the i)resent quarteis. The nearest approach to a 
fireproof l)uilding is pait of the old Butler residence. Here these 
tubes are kept in metal racks in two small rooms. These rooms are 
far from fireproof. The floors are of wood, as is the floor of the 
room above. The only facilities for fire protection are small hand 
extinguishers. There is no fire hose or fire water main in the building. 
In addition to being exposed to the danger of destruction by fire, 
these tubes are most inaccessible. Because of the lack of space, the 
metal racks in which they are kej)t must extend from floor to ceiling, 
and the accompanying illustration (fig. 5) shov/s the great difficulty 
in getting them to and from the racks. But even this is not the gi-eatest 
handicap that must be overcome. A large portion of these sheets is 
in daily use by the draftsmen , in compiling drawings for charts. 
From tlie nature of the work, those engaged in di'afting must have 
rooms that are well lighted. 8uch rooms are only available for 
these men in the old hotel building, at a considerable distance from 
where the sheets are stored. 

To get these sheets from the storeiooms to the draftsmen, they must 
be carried in sacks by messengers an average distance of XiO feet, 
and in this distance an average of four flights of stairs must be 
climbed. AVhen one considers that the data rejiresented on one of the 
finished charts are taken fi-om perhaj)s oO to 40 of these sliet^ts, and 
that there are 24 draftsmen scjittered in 15 rooms in the old hotel 
building on four different floors, the confusion that arises and the 
loss of time of these skilled men runs into alarming figurr»s. And 
further, these sheets are used not only by the draftsmen, but in 
large numbers by various divisions and sections of the oilice, and the 
daily and constant question is, " AVho has a needed sheet ?'' or. " Where 
can it be found?'' The matter has received the most careful consid- 
eration, but with the present quarters there is no known remeily. 
(See fig. 6.) 

The copper plates that are used in printing the charts are in many 
cases the most reliable and authentic as well as the permanent record 
of the completed work, and because of the time taken to engi'ave the 
thousands of figures and characters they contain, they rei)resent a 
large expenditure of money and thus become exceedingly valuable. 
As in the case of the survey sheets, all possible precautions must be 
taken to secure them from danger of loss by fii*e, and for this reason 
they are kept in the basement of the Butler Building. 

As is the case with the draftsmen, the engravers must have the 
best possible facilities in the way of natural light, and for this rea- 
son they are distributed so as best to secure tliest* conditions in the 
old hotel building and in the Butler Building. Now, these cop})er 
plates are being constantly cariied by messengers from the storage 
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vault to the engravers for the addition of new information from sur- 
veys made in the field. As these 20 enffravers are distributed in 
15 rooms, an average of 300 feet away, and 7 flights of stairs must be 
traveled by messenger with each plate received, the same confusion 
and loss of time arises here as in the case of the draftsmen. The 
plates are heavy, weighing 42 pounds, and are cumbersome to handle, 
so that at most only one can be carried at a time. 

Again, in the chart-printing establishment work is greatly ham- 
pered on account of cramped quarters and their poor structural ar- 
rangement. Because of the great weight of the presses that are used 
in printing charts (the sheets averaging 36 by 44 inches), these 
presses must be located on the ground floor. Also the lighting facili- 
ties must be good. 

The nearest approach to these conditions is to be found in the small 
new building and the old Butler stable, where the printing establish- 
ment is located. 

The inconvenience of these buildings can be better appreciated when 
it is known that in the course of the past year nearly 80,000 pounds 
of paper were carried to the presses, down flights of stairs and 
through different rooms. There is no room for the storage of the 
paper nearer the presses. (See fig. 8.) 

To sunmiarize, these buildings are wholly unsuited to our work. 
A fair proportion of the rooms are exceedingly poorly lighted on 
account of the construction of the buildings. Some of the rooms 
that, due to lack of space, must be used as offices are two stories 
below the street level, and in them light must always be supplied 
artificially. (See fig. 7.) Records that could not be reproduced 
short of an expenditure of many millions of dollars and years of 
effort are daily in danger of destruction by fire, although employees 
are continuallv admonished to be on the lookout for such danger, and 
frequent drills are given to bring about the highest efficiency in 
fighting a fire should one occur. We have had two startling exam- 
ples of how fires start from no known cause — one in 1911, when the 
contents of one room were destroyed (happily a chart-mounting room 
where only equipment was involved) , and another in 1914, when a part 
of the contents of one of the office rooms w^as destroyed. It is more or 
less a matter of good fortune that these two fires resulted no more 
seriously. In one case the fire was discovered by an officer of the 
Bureau who was detained at his desk until a late hour, and early 
enough to have it confined to one room. In the other instance the 
watchman had begun his rounds of inspection and discovered the 
fire in its incipiency. 

Sanitation is exceedingly difficult >vith even the comparatively 
largo force of employees that we have whose time is devoted to that 
work. The rooms are small, with numerous recesses for the accu- 
mulation of dirt; the windows are of the old-fashioned small-pane 
tvpe, difficult to reach from the outside and hard to clean; all the 
floors are of wood, and w^orn, and it is safe to say that even with the 
large overhead charges (it costing $8,294.94 for the repairs and 
upkeep of these buildings during the fiscal year ended June 30, 191G) 
we are unaHe to approach the results that would be obtained in a 
modern building with a greatly decreased expenditure of money and 
a much smaller force of laborers. One of the greatest impediments 
to securing a normal efficiency is due to the awkward manner in which 
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most of the work has to be handled solely on account of the inadapta- 
bility of the buildings. 

Viewing the whole situation from the standpoint of the inaccessi- 
bility of our records, the time lost by the skilled men in waiting for 
these records or searching for them themselves, and the unsuitable 
facilities for many of the Bureau^s employees, I venture to say 
that for every dollar that is appronriated for the office of this Bu-* 
reau but 75 cents in value is realized, and I make this statement with 
no intention of criticizing the legislative branch of our Government, 
or excusing in any way the shortcomings of this office, but to bring 
to you tlie facts as they exist. 

The remedy is a modern building planned to meet the needs of 
this Bureau. Preferablv this should be within the confines of the 
same building in which the Department of Commerce is to be housed. 
The present (piailers are 2^ miles from the building occupied by the 
Department, which results in difficulties and delays in administra- 
tion. There is no reason why a building could not be planned to meet 
every need of this Bureau, wliich will allow to be realized the greatest 
efficiency and save the useless expenditure of time and effort to over- 
come obstacles that ought not to exist. . 

I have perhaps gone into details regarding the buildings that may 
seem in a measure trivial, yet it is these very things that stand in the 
way of realizing results that we hope to attain and which ought to 
be attained. 

ESSENTIAL IMPROVEMENTS NEEDED IN PRESENT BUILDINGS. 

From an administrative standpoint further expenditures on the 
present buildings would not be in the interest of economy, yet if they 
are to be occupied indefinitely there are certain essential matters that 
should be attended to. The following details of each of these impor- 
tant questions are given : 

FREIGHT ELEVATOR FOR PRINTING OFFICE. 

During the course of the past year we used nearly 80.000 pounds 
of chart paper in the printing of the charts issued by this Bureau. 
This paper was delivered at and stored on the street-level floor of 
the old Butler stables, in which a part of the printing office is located. 
This is the only space sufficiently free from dampness in the printing 
office that is available for storage purposes. To get the paper to the 
presses it must be carried down a narrow flight of stairs and into 
the room where the pres^ses are located. (See fig. 8.) 

Under present conditions the total distance that this paper must be 
carried by hand is 170 feet. 

This defect in our old building can be overcome by providing a 
freight elevator, between the floor where this paper is stored and the 
floor on which the printing presses are located, and platform trucks 
SO that the paper can be wheeled onto the elevator, lowered to the 
pressroom floor, and wheeled to the presses. 

ELEVATOR FOR BUTLER BUILDING. 

The Butler Building, including the basement, is five stories high. 
In the basement of this building are stored the copper plates from 
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which charts are printed. As stated earlier in this report, these 
plates must be carried from the storage vault to the engravers for 
corrections and additions of information, an average distance of 300 
feet, and up seven flights of stairs. There are approximately 2,500 
of these plates in the vault, and while an exact account of how many 
trips are made back and forth from the plat€ storage vault to the 
engravers in the course of a year has not been kept, yet it is probable 
that these trips number over 3,000. (See fig. 9.) 

Beyond question, much of the loss of time on account of delays in 
delivering these copper plates to the engravers would be eliminated if 
an elevator were installed in the old Butler Building. Again, there 
are various offices on the different floors of this building, and an ele- 
vator would be a convenience to those occupying them, and further it 
would be a great convenience and save much of the time of our 
laborers in carrying books, records, ice, furniture, etc., to the various 
floors of the building. 

INDIVIDUAL MOTORS FOR THE LATHES IN MACHINE SHOP. 

While a long step in advance was taken during the past fiscal year 
bv installing an electric motor for supplying power for the machine 
snop and discarding the gas engine, that was so expensive to operate, 
yet much that is desirable remains to be done. 

The motive power for the line shaft in the machine shops is now 
supplied by a 7^ -horsepower electric motor. The overhead cost of 
operating the machine shop has been greatly lessened by the installa- 
tion of this motor, for the reason that it can be stopped and started 
at will; while the old jgas-engine power and the power shaft, because 
of the great inconvenience in stopping and starting, were kept run- 
ning throughout the working day. (See fig. 10.) 

The motor in use at present is run only when there is need to use 
one of the lathes. Even this arrangement involves a great waste of 
power and consequently results in a high cost of operation, for the 
reason that to propel the line shaft with the greatest burden that may 
be placed upon it a 7^-horsepower motor must always be run. Now, 
it often happens that for a continuous period of time a machinist may 
require the use of a lathe that can be run by a half -horsepower motor. 

A better arrangement, and one which should be put into effect, is to 
secure machines equipped with individual motors suited for the 
needs of the machine used. This will permit greater convenience in 
the shops, eliminate the light-obstructing and dirt-collecting belting 
and shaft, and allow even in our cramped quarters better means for 
carrying on our work. 

DRAFTING TABLES AND OTHER FURNITURE. 

There is no more important work than that done by the hydro- 
graphic and topographic draftsmen, yet these experts are handi- 
capped by being compelled to use drafting tables nearly half a cen- 
tury old. Modern tables would greatly increase the expedition with 
which they turn out their work. There is much other antiquated 
furniture that should be replaced. A large portion of it has been 
condemned by the Public Health Service as being insanitary « 
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WATERPROOFING VAULTS. 

The need of funds for providing waterproofed vaults in which 
to store valuable property should be again considered. So crowded 
are the present storerooms that it frequently happens that they have 
to be emptied in order to obtain a single ailicle desired. This means 
hours of wasted labor. 

INCREASE NEEDED IN NUMBERS AND SALARIES OF COMPUTERS, 
DRAFTSMEN, INSTRUMENT MAKERS, PATTERN MAKERS AND 
CARPENTERS, AND LIBRARIAN. 

Congress provided for three additional computers in the 1917 esti- 
mates. This was a material help to partially keep up with oiu'rent 
work, but not sufBcient to meet the demands of the office. In the 
estimates for 1918, eight more computers are asked for to enable 
much geodetic, tidal, and current data to be made available, which 
otherwise must remain in the archives. Two of the computers 
should have higher salaries, commensurate with the duties they per- 
form, and designated as computing engineers. One is chief of the 
division of terrestrial magnetism and the other assistant chief of the 
division of geodesy. 

In order to provide for the preparation and publication of much 
available data that will be useful to navigators, engineers, and the 
public in general, these increases are essential. There are at present 
data in the archives ready to be computed for about 10,000 triangu- 
lation stations. These stations are located along the coasts and in the 
interior of the United States, Alaska, Porto Rico, and Hawaii. The 
published results would mean much toward rapid development of 
our country. 

Much of the field geodetic work, especially along the coasts, is done 
to provide the control for the surveys made by our field parties and 
the construction of the charts by our office. In the field such coni])u- 
tations as will make the results of the geodetic work immediately 
available are made, and in most cases the results are satisfactory for 
the small-scale charts of the Survev; in other cases thev are not. 

The policy of the Survey is to make at the office an adjustment of 
the field results which will make them harmonious with all previous 
geodetic surveys in the same area covered, and then to publish the 
results for the use of anyone in or out of the Federal Government 
who may wish to use them. This has not been possible except to a 
small extent, owing to lack of computei*s. The researches m geo- 
physical problems can not be carried on to the extent that is desirable, 
owing to lack of computers. The conditions will be woi-se in the 
future than in the past, for the additional funds provided for field 
work both on the coasts and in the interior will make the new work 
to be computed much greater in amount. 

Additional computers are needed for the purpose of furnishing 
the public promptly with information relative to tides and currents. 
With the increasing size and value of shipping, accurate knowledge 
concerning the time and height of the tides is essential. The Survey 
at present publishes tide tables giving tidal information for our 
coasts, but tnese should be augmented and improved by the observa- 
tions now available and which can not be handled by the present 
force. 
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Definite information concerning currents along our coasts is of the 
greatest value in promoting the safety of navigation. For lack of 
this knowledge, vessels are frequently lost, especially in fog or in 
abnormal currents due to storms. There are at hand in the archives 
records of many continuous current observations which have been 
taken at lightships along our coast, together with a large amount of 
other current observations, and this is being augmented by important 
current surveys. The results of tliese observations will be of very 
great value to navigation, and should be made available at the earliest 
opportunity. 

The need of additional draftsmen is more pronounced than ever 
before. In last year's estimates we asked for new positions which 
were not granted. The salary of $2,700 is for the present assistant 
chief of the division of charts^ who is also the chief of tJie section of 
drafting. The designation of this new position should be "chief 
cartographer." The increase in force is absolutely necessary if the 
maritime public is to be furnished promptly with charts containing 
the results of the latest surveys by our field parties, by the United 
States Army Engineers, States, and cities. The field forc« of this 
Bureau is more generally engaged in hydrographic work than for- 
merly, with the result that the increased field results can not be 
handled by the office without the increases asked for. 

This work on the field sheets is so far in arrears that during the 
year some field officers were assigned to the work, and yet at the pres- 
ent time there are 57 unfinished field sheets, which would require 
about five years' work for a draftsman to complete. 

A minimum salary of $1,200 for draftsmen is recommended, as it is 
found that the desirable men on the civil-service register will not 
accept a lower salary. 

There is urgent need of changes in the instrument section. The 
change in designation of the chief of the section to " mechanical en- 

?'neer," with an increase of salary from $2,400 to $3,000 is proper, 
he present incumbent is a physicist and mechanical engineer of ex- 
ceptional ability. He designs new instruments, many of them most 
delicate and intricate. Among his noteworthy achievements has been 
the desigiiing and construction of a tide-predictinp machine that has 
been the admiration of the world. His latest achievement is the de- 
velopment of a new electric signal lamp for use in triangulation. 
This lamp has a beam candlepower of 250,000, a marked advance 
in efficiency over the lamp of 1,500 beam candlepower which has been 
in use. Government bureaus and private parties have adopted it, in- 
cluding the United States Navy, Forest Service, Coast Guard, and 
Aeronautic Service; also mine-rescue manufacturers. (See fig. 11.) 

An increase in the present sjilaries is needed in order to reward 
long and underpaid services, and the addition of two instrument 
makers is desired to provide means for the development and construc- 
tion of new instruments. As the field operations increase so will 
greater demands be made for instruments. 

The following statistics give an illuminating picture of the volume 
as well as importance of the work done in the instrument section 
during the past year. 

Total number of instruments, apparatus, tools, etc., repaired in the shops_ 2, 356 

Total nunil)(»r of Instruments, ai>paratus, tools, etc., made in the shops 1.427 

Total number of instruments, apparatus, tools, etc., purchased— 497 
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Total number of instruinent» repaired outside of the shops 122 

Instruments Issued to the field 4,370 

Instruments received from the field 3,290 

Articles of general property Issued to the field 4, 168 

Articles of general property received from the field 1, 418 

A part of the instrument section which has never had proper con- 
sideration is the pattern makers and carpenters. Under the i>reseut 
designation they are called carpenters, but these men are more than 
this. They are expert woodworkers. Their long years of experience 
have taught them how to make patterns for casting of parts of new 
instruments and repairs from drawings furnished by the chief of the 
section. The geodetic level rods used Avith the levels of precision are 
made and graduated by these men. In addition there are wooden 
parts of instruments, some of them in the experimental class, calling 
for an inventor's skill. 

* The entire force of this specific subsection have worked for more 
than 25 years at this work in this Bureau at $1,200 per annum each, 
and I recommend an advance to $1,400 per annum. 

The increase in salary of the librarian is a renewal of my request 
made last year. The salary of the position has remained the same for 
25 years, although the work and responsibilities have increased since 
1891 almost 100 per cent. The number of books, pamphlets, records, 
original sheets, and other matter handled have increased from 69,000 
to 137,400. 

With the increase already indicated the need of an assistant 
librarian at $1,200 is also essential, as a $720 clerk does not make 
an efficient assistant. 

OFFICE WORK AND INSUFFICIENT CLERICAL HELP. 

I have already spoken of the reorganization of the office, by which 
greater efficiency has resulted, even with the limited personnel, but 
m order to place the Bureau in a position properly to execute its work 
it will be well to show briefly the need of a greater clerical force. 

There are 40 employees in the Coast and Geodetic Survey rated as 
clerks. There is probably no basis for comparison to determine 
whether in the Government service a given bureau has an excess of 
clerks over another bureau, because the functions of one bureau may 
be such that the work is clerical while that of another bureau may 
be such that but little clerical work is done. Therefore, it might be 
thought that in a bureau of applied science such as the Coast and 
Greodetic Survev 40 clerks should be sufficient. Were the time of these 
40 employees devoted to what is generally accepted as "clerical 
work," it is possible that such a numl)er would be nearly sufficient, 
but experience only can give the final answer. 

The Coast and Geodetic Survey is the oldest scientific bureau in 
the Government service. Its activities date back to 1816. In this 
Bureau custom and matters of expediency have had more to do with 
the shaping of its work and the assignment of duties to various 
employees than has a strict classification of duties, such as prevails 
among bureaus of more recent creation. 

An impartial examination into the different classes of work that 
are being done by the 40 employees rated as clerks in the Coast and 
Geodetic Survey will disclose the fact that a large number of them 
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are engaged in what requires the broadest possible interpretation to 
come within the scope of clerical work, and which might well be clas- 
sified under entirely different subjects. The assignment of these em- 
ployees to such work has come about througii force of necessity. 
The work of the Bureau is highly technical, and as a branch has 
developed there has been need for a person to take up and assist in its 
w^ork. A clerk has more often been selected as a matter of expediency 
than by a definite classification of the duties to be performed, and 

?robably because he was the most apt of those avaihible for the work, 
'he result is that of the 39 employees rated as clerks in the Coast and 
Geodetic Survey, but 25 of them are engaged on what is generally 
accepted as " clerical work," and in this technical Bureau the demands 
upon them are often very varied and require knowledge and training 
above the average. 

This Bureau has no purchasing officer designated as such. As the 
numl)er of different supplies for the Washington office increased, it 
became necessary to put some person in charge of their purchase. 
During the course of each year he manages the purchase oi supplies 
of all kinds for the Bureau. It is obviously the work of a purchasing 
agent. The person who does this work is rated as a clerk. 

For years in the section of tides and currents, the work has been 
in excess of what could be accomplished by the computing force. As 
it was necessary that our tide tables be printed in advance for«each 
year (and their printing admitted no delay), the clerical force was 
called upon to do the computing work which had to be done in order 
to get these tables printed. In this section four employees, in addi- 
tion to the force of com})uters, are engaged in making these com- 
putations. They are rated as clerks. 

In the printing and sales section, as its work has developed, it 
frequently happens that after a supply of charts has been printed 
new information is received necessitating: minor changes on the 
printed chart. It would be wasteful to throw away these printed 
charts and print others merely because of these small changes and 
they are made by pen corrections on the printed chart. This method 
of making the corrections has come to be known as "hand cor- 
recting.'' These corrections are liable to be necessary on any of our 
660 different charts, and it soon became a matter of such importance 
with regard to accuracy that one person was put in charge of the 
work and he has therefore acquired an intimate knowledge of all our 
charts. This person should be designated as a chart corrector. He is 
carried on the rolls as a clerk. 

On account of the difliculties in the way of registration caused by 
the expansion and shrinkage of pay^er, it has been found more prac- 
ticable to indicate by hand the colors of the buoys shown on some 
of our charts rather than to do it mechanically by the printing press. 
There is at present one person rated as a XJlerk employed in doing 
this work. AH persons engaged in such work should be designated as 
buoy colorists. 

When the reorganization was put into effect so that the manage- 
ment of the printing of our charts and of their sale and distribution 
was put under one section chief, it was realized that the best results 
would be obtained by a man who had had a wide experience in office 
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work and could therefore readily grasp the many details involved. 
Such a man was selected to be chief of tlie printing and sales section. 
This man is rated as a clerk. 

It thus follows that the clerical force of this Bureau is wholly 
insufBcient to meet its needs. Although overtime work is constantly 
required, the demands on the clerical force are so heavy that clerks 
are shifted from division to division, and from section to section, 
to catch up work that falls behind. It therefore necessarily follows 
that these employees are constantly engaged on duties that are not 
wholly familiar to them, and the work is sometimes poorly executed. 
This IS particularly true with respect to our files. A careful study 
has been made of the matter, and it is believed that the filing systems 
adopted are the best for the character of the correspondence in this 
Bureau, but no system will overcome lack of accuracy in following 
the method adopted, and it is a constant source of annoyance, because 
either this or that clerk has not had time to get his correspondence 
in the files, or in the haste of placing it in the files it was misplaced. 
The difficulties with our files are only typical of many other matters 
that suffer from the clerks' lack of time to finish, in a workmanlike 
manner, the various duties assigned to them. 

Another feature tending to lower the standard of our clerical force 
is the low entrance salary, which is only $720 per annum. 

It is quite true that in many of our cities, in response to an adver- 
tisement placed in the papers, a fairly efficient clerk may be selected 
for $15 per week. However, the vacancies in our office must be filled 
from lists of eligibles furnished from the registers of the Civil Serv- 
ice Commission. 

Now, the most desirable qualifications of a clerk in this office, and 
in many cases the most necessary qualifications, are that he be a 
stenographer and typewriter. The demand for stenographers and 
typewriters by the Grovernment is so great that those eligibles who 
pass both tests — that is, the test for stenographer and the test for 
typewriter — almost invariably state that the lowest entrance salary 
that they are willing to accept is $900 per annum. Therefore, the 
register at $720 per annum contains those eligibles who have passed 
the typewriter examination but failed to pass the tost in stenography. 
As a consequence, in nearly every instance the employee we secure 
at $720 per annum is one who has barely passed the examination as 
a typewriter and has an indifferent knowledge of sten()gra])hy. 

Furthermore, those clerks who come to us under the above circum- 
stance, who are ambitious, qualify themselves to pass the examination 
as a stenogra]>her, go on the $900 register, and shortly leave for an- 
other place where tlie entrance salary is $900 per annum. 

To remedy this matter the entrance salary of clerks in this Bureau 
should be raised from $720 to $000 per annum. 

While all that is possible by reorganization and by cooperation 
has been done to meet the demands of the Bureau, yet these demands 
are constantly growing and the office personnel is taxed to the utmost. 

As an index of what is meant when we say that the demands on the 
Bureau are constantly growing, tliere is cited the fact that for the 
fiscal year ended June 30, 1910, 32 J per cent more charts were sold and 
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distributed than during the fiscal year ended June 30, 1915. If we 
analyze the meaning of such a statement, we are soon brought to the 
realization that an accomplishment of this kind means an immense 
increase in the office activities of the Bureau in the way of compiling 
information, drafting and engraving, printing, correspondence in 
connection with the sale of these additional charts, and the keeping 
of accounts. 

There is no question but that there has been an increase in maritime 
activities withm the past fiscal year, which has created greater de- 
mands for every one of the Bureau's nautical publications. The 
result is that the office force of the Bureau has been unable to do any- 
thing but the most pressing current work in the way of preparing and 
supplying these puolications, and much woik that is aesirable to be 
done lias gone into arrears. The time has come when the matter of 
assignment of duties in this office that has been brought about by half 
a century of following custom and expediency must be abandoned; 
and new positions must be i)rovided m the bureau giving proper 
designations to each of its dilFerent classes of office employees more 
in keeping with the classes of work performed. This means that 
there must be new places provided under various designations, such 
as buoy color ists, computers, bookkeepers, and various other classes 
to meet the present needs. 

To make a weU-halanced argauhatton both in office and field, the 
increases in the salaries and number of positions asked for in my 1918 
estimates are necessary. 

PUBLICITY OFFICER AND SYSTEMATIC DISTRIBUTION OF 

PUBLICATIONS. 

Another need of this Bureau that is growinjr more and more ap- 
parent daily is what mi^ht be termed a " publicity officer." Without 
in the least so intending, and undoubtedly without being conscious 
of it, we have for years been collecting, compiling, and digesting 
information without properly calling it to the attention of persons, 
municipalities, and public-service organizations to which this infor- 
mation is most vital. 

During the past year we have undertaken, with the facilities at 
hand, to remedy this condition. Letters were addressed to the secre- 
taries of the chambers of comniiMce of all our important coastal cities, 
asking that we be supplied with the names of the steamship companies 
operating from those cities, the important steamship wharves located 
in them, and a list of the yacht clubs at or near them. 

Now, Avhen the Bureau issues a now coast pilot, or chart, or other 
publication of a certain locality, an announcement is sent to these 
shipping companies, and posters are placed on the wharves and at 
other places giving information as to the scope of the publication 
and its price. 

Cooperation by everyone concerned has been surprisingly respon- 
sive, and by this means we are bringing to the attention of those most 
deeply concerned the \^yy information that is of the greatest benefit 
to them. 

This is only one step, however. It is a matter that requires much 
time and thought both as to the means of reaching the persons inter- 
ested and the manner of presenting the facts to them. So much does 
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this appeal to me that I believe it would be a wise expenditure of 
money to secure the services of a pereon qualified as an editor whose 
time shall be devoted to the study of how most economicallv to bi'ing 
to the attention of the public the existence of the results o:^ the work 
of this Bureau, and to assist in preparing for tlie printer the many 
publications issued by the Survey. 

As an illustration of what can and ought to be accomplished : 
Heretofore it has been the custom to make the necessarv survevs, 
compile information, publish a chart, and supply the demands for it 
as they came in, leaving the public to learn of the existence of the 
chart as best it could. I\ecently we published the usual edition of a 
new chart of Long Island Sound above New York City. Simultane- 
ously with its pimlication prepared notices Avere sc»nt to the news- 
papers in the locality of the waters covered by the chart, calling at- 
tention to this new chart, and giving the particulars regardintr it^ 
The demand for this chart was so great that the usual edition was 
soon exhausted. This chart was first issued April 29, 1910: within 
four months we had received orders for neaily 1.700 copies of it. 
There is no nuestion but that this demand is far above the normal 
and has resulted largelv from the gratuitous newspaper announce- 
ments concerning it. (tt nuist be borne in mind that all the charts 
are sold for a stated price.) 

There are numerous instances of this kind where with pro])ei* 
public announceuicnts the information that is necessary to shipping 
mterests, and which has cost so much to secure, could be in the haiul.s 
of those to whom it would be of real benefit, rather than uselessly 
stored here in Washington. IIow best to do this without an extrava- 
gant distribution of more or less exi)ensive publications to persons 
ordering them through curiosity alone is being given earnest consid- 
eration. (See fig. 12.) 

PRINTING OFFICE NEEDS. 

For the printing office, now combined with the former sales section, 
the request is renewed for a new printing ])ress, a transfer piess, and 
a modern cutting machine. These would greatly increase the effi- 
ciency of that office. 

The printing force has been under a heavy strain, and it should 
be rewarded bv increases in salarv for elficiencv shown. Resides, 
increases in salaries are needed in order to ])lace its employees on a 
par with employees in similar lines of occupation in other Govern- 
ment bureaus and in })rivate concerns. 

• A continuance of the overtime work that has been necessarv to 
meet (without increased l)ay) the demands for the Coast and (Jeo- 
detic Survey's charts must lesult in the loss of the services of the 
employees in the printing ollire through their obtaining employment 
in branches of the CJoveinment service where oveilime is not required 
and in private plants, and in decreased efficiency in those who remain 
here. 
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Fart n.— TTBOENT NEEDS HT THE FIELD AND NECESSARY 

EZFANSION OF THE WOEE. 

THE NEED OF 48 ADDITIONAL HYDROGRAPHIC AND GEODETIC 

ENGINEERS. 

In the 1918 estimates reauest has been made to change the present 
title of " assistant," as applied to the Bureau's engineers, to " hydro- 
graphic and geodetic engineer." The universjil feeling is that the 
suggested designation is far more appropriate than a title intended 
for a few men a century ago. 

The accompanying table shows the need of additional engineers to 
officer properly and efficiently the various parties of the Survey. 
Congress wisely provided some additional funds with which to pay 
the pally expenses, and this year additional increases in party ex- 
penses are asKed for and it is hoped will be received from the Con- 
gress at the coming session. 

That there should be increased activity of the Survey in charting 
the waters of the country and in providing geodetic control in the 
interior of the country admits of no doubt, if increased funds are 
provided for general expenses of the ships and shore parties, there 
must be provided increased funds for more hydrographic and geo- 
detic engineers under whose immediate direction this work must be 
done. 

The appropriations must bear a logical relation to each other 
for efficient expenditure or for minimum unit costs. 

A board of directors < f an industrial plant would not, without 
financial disaster, provide money in ample amount for supplies, raw 
materials, and labor, and only provide funds for 75 per cent of the 
number of necessary supervising officials and foremen. 

In our case the engineers are not only the chiefs of party but they 
also make the observations with sextant, theodolite, plane table, and 
level. The men, or nontechnical force, are there to assist the engi- 
neer by rowing the boat, running the launch, heaving the lead, etc.; 
they absolutel\- can not do the instrumental work. A\ ithout the engi- 
neers the Survey is in the same condition as a merchant vessel which 
has not the reijuisite numl)er of officers for its proper navigation. 
The result of such a ccmdition is evident. The officers are over- 
worked, lose their ambition to do things in the most efficient manner, 
and at the end of the season look for other and more inviting fields of 
engineerinff. Or. they may accept the conditions imposed and drift 
along thinking they (the officers) would be exerting futile efforts if 
those higher in authority are not sufliciently impressed with the im- 
portance of providing means for securing a well-balanced party which 
can secure i-esults at a minimum unit cost. We can not blame them. 

There will be needed 22 additional officers* in the spring of 1917 
to carry on the work for which party expenses have been appropri- 
ated as follows: On the Surveyor^ 11 ; Yukon, 3; /«&, 4; Matchless^ 
2 ; and the Pacific coast triangulation, 2. 

2:1 
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There are 48 additional officers asked for in my estimates for 1918. 
This will provide for the 22 now needed and mentioned above and for 
26 more who will be needed if the increases in the party expenses ap- 
propriations are allowed. The following table shows how all these 
officers will be distributed : 

Personnel of Pabties, Field Officers, Coast and Geodetic Subvet. 
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o Not in commission in the summer of 1916. 

INCREASE IN SALARIES FOR HYDROGRAPHIC AND GEODETIC 

ENGINEERS. 

The old theory about the civilian appointments in the Government 
was that any man was very fortunate who retained his job for more 
than four years, however insignificant the position and however 
small the pay. This was in the days before it was found necessary 
to enact the civil-service laws and put them into effect. Now the 
Government considers itself very fortunate if it can retain experts 
in its service for more than four years at salaries much smaller than 
those ruling in similar work in private life. 

The Government is the largest single employer of skilled labor 
(for the sake of argument, calling all who work for salaries or wages 
laborers) in the country. It is also the most inefficient employer. 
It sees 15 or a larger per cent of the skilled employees leave each 
year. These are, as a general rule, the most able and most efficient 
ones. The least able employees remain, and on account of long and 
faithful, but many times not notably efficient, service they reach the 
highest salaries. Then we have too much dead wood at the top. 
How often do we hear that remark about a Government organiza- 
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tion, especially an old one. We sometimes try to remedy this condi- 
tion by having a surgical operation when a much milder treatment 
given at the right time would have prevented the trouble. 

A\'hat is the condition to-day in the field force (hydrographic and 
geodetic engineers) of the Survey? 

There are 104 engineers in statutory and 14 in nonstatutory po- 
sitions. Of the total of 118, there are 6'2, about 53 per cent, who 
have had less than 6^ years of service. There are 43, or about 36 
per cent, who have had less than 3J years of service. Aside from the 
mefiiciency in costs involved in having inexperienced offirers, are we 
not menacing vessels carrying millions of dollars worth of cargo, 
besides their own value, and thousands of the crews and passengers 
who run the gravest risks from having a number of inexperienced 
engineers and surveyors making the surveys upon which the sailing 
charts are based? We are; and this condition should be remedied. 
We can not make some of the work easy, nor can we always make the 
conditions pleasant under which the men have to live in the field, 
but we should make our engineers feel that we (that is the Govern- 
ment) are fair. 

What is necessary to make for greater efficiency in the force is to 
have salaries more nearly like those paid for similar or less exact- 
ing duties in other Government services and also in private en- 
gineering fields. The following tables show the salaries of the 
officers of the Survey in contrast with those of some other organiza- 
tions, the relative increase of field officers and appropriations, and 
separations for six years: 
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Separations DruiNO tiik Six Yeabs Since November, 10<>9. 



Class. 



13.000 nnd above 
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Note. — \Vlieivv«»r iiifDrinjiiion is availnlile in rcu'anl to those who rcsliineil 
from the liehl force, in jjenoral, the salary nneivoil in the new i)Ositlon is 
higher tlmn tliat received in the Ojast and (Jeodetic Survey. 

This table sliows that, during the six 5^ears since Xovcmber, 1009, 
66 members of a total of 99 field oflicers of the Coast and (leodetic 
Survey resigned their positions. The list does not include any 
removals on account of death. Nearly all in the list resigned to 
take up work paying higher salaries or with prospects of an in- 
creased income or because of hardships incident to the life of a liold 
man in the Survey. 

The increases in the number of positions called for in the 1918 esti- 
mates are distributed in such a way as to make the salarv list more 
attractive to those now in the service and to the graduates of our en- 
gineering schools. 

During the past seven years and until July 1, 1910. every man 
w^hose name was placed on the aid register by the Ci\ il Service Com- 
mission was offered a position in the Survey. This is an unhealthy 
condition of affairs. We should have so many names on the register 
that the appointing oflicer may always have a choice of at least three 
eligibles for each position to be filled. Any other condition is con- 
trary to the best public policy. 

The salary list is designed to provide for lowest unit costs and 
maximum safety ; in other words, tne greatest efficiency. (See fig. 13.) 
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COMPARATIVE DIAGRAM OF ENGINEERS' SALARIES. 



r.*::FORT of superintendent, coast and geodetic survey. 31 
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GREATER NECESSITY FOR WIRE-DRAG WORK. 

Bowlders, ledges, and other forms of pinnacle rocks have, as 
usual, been found by the surveys this ^ear. Perhaps the most 
striking illustration during the year provmg the value of the wire- 
drag work was the development of the main ship channel leading to 
Salem Harbor, Mass. (See fig. 14). Numerous rocks were foimd in 
this channel, which very considerably restricted its width for deep- 
draft vessels, and this work was fortimately done prior to the visit 
of one of our battleships there the summer of 1916. At the request 
of the commanding officer of the battleship, one of the wire-drag 
parties buoyed the channel and an anchorage for the use of the ship. 

The correspondence upon the subject drew the attention of the 
Navy Department to the matter, and as a result a request was re- 
ceived from the Secretary of the Nav^ that the areas covered by 
wire-drag surveys be indicated on special editions of the charts for 
the use of naval vessels. Arrangements have been made for comply- 
ing with this request. 

The general hoard of the Navy has also given consideration to 
the use of wire-drag surveys as a part of the national defense^ and 
the Bureau has cooperated with them in planning this work to meet 
their most urgent needs. A careful study of the subject has been 
made, and the estimates submitted to Congress for the fiscal year 
1918 nave been prepared to carry funds for surveys of two localities 
requested by the Navy^ and which it would not be possible for us 
to do with only our usual appropriations. (See fig. 15.) 

A striking development in hydrographic methods this year was 
the use of a drag 15,000 feet in length in open areas. It is hoped 
that this length may be increased for ordinary use in open areas as 
soon as larger reels to hold the necessary length of wire are avail- 
able. The delivery of the reels has been delayed owing to circum- 
stances over which we have no control. 

The numerous submerged pinnacles found in Alaskan waters and 
on the New England coast during 1916 clearly demonstrate again 
the urgent need of expediting this important work in these vast areas 
known to be dangerous to human life and commence. There is also 
wire-drag work urgently needed in Puget Sound and San Francisco 
Harbors and among the coral reefs of southern Florida, which is 
only waiting for the necessary funds when their safety can be assured. 
(See fig. 16.) 

TWO NEW VESSELS FOR THE PACIFIC COAST AND ALASKA. 

Since my last report to you I recommended, and you approved, the 
sale of the McArthur and Gedney of the Pacific coast fleet, both of 
Avhich had reached the stage where their existence jeopardized the 
lives of officers and men. 

In last year's estimates two new vessels were asked for to take the 
place of the Gedney and the Patterson. The Patterson is still in 
the service, but old, weak, and unfit for exposed work that should be 
expected or her in protecting the waters on the Pacific coast. 

Congress felt that the replacing of these vessels should be deferred 
for the present. This request for these two new vessels for the 
Pacific coast and Alaska is renewed, with the ^«xiv<^\. \v<cs<^^ \Xi^ '^^ 
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increasing need of surveys on that coast will be recognized. It mav 
be well to add here that both the Patterson and the Explorer will 
necessarily require repairs this year. In view of the age of these 
vessels and their condition, it is inadvisable to make extensive re- 
pairs to them. It has never been more evident that extraordinary 
efforts should be made to keep up with the rapid progress of the 
Pacific coast and Alaska, and to safeguard the waters which are 
reall}[ the main method of transportation. Alaska, up to 1913, had 
been in a more or less dormant state. Within three years the Terri- 
tory has developed wonderfully; the new railroad is \mng built to 
tap the interior, and its exports and imports have increased from 
$61,000,000 to about $100,000,000; and the work of making surveys, 
which was backward before this increased trade activity, has not kept 
pace with the development of this vast and valuable Territory. 

It is very e^ential that these new vessels asked for be allowed in 
order to survey without further delay the great water area of central 
and western Alaska. 

It is gratifying to be able to say that the Surveyor^ the most suit- 
able vessel of her kind ever built for this Service, will be ready for the 
Alaska work next spring. Her keel was laid in the winter of 1915 
and she was launched in July of this year. She is intended to replace 
the Mc Arthur. (See fig. 17.) 

In addition to the present work in Alaskan waters, the coasts of 
Washington, Oregon, and California are in urgent need of completed 
surveys and the protection which complete and accurate charts afford. 
It has been impossible heretofore to give these coasts the attention 
they have needed and their commerce demands. 

ft is a fact that should hear some weight in further argument for 
these new vessels that their construction in accord with the Navy^s 
views raakes them, auxiliaries for our country^s protection in time 
of war. 

On the Atlantic coast the new vessel I sis has done admirable work 
during the past season. She, the Bache^ and the Hydrographer are 
all in good working condition and suited for the work they are called 
upon to do. The Matchless^ an old sailing vessel, nearly 60 years old, 
is used as a houseboat for surveying parties in some of the inlana 
waters. Extensive repairs on her are useless as she will probably 
last only a few years longer. 

It is earnestly hoped that sufficient funds will be appropriated to 
keep these vessels in service during the whole year, as their services 
are needed on survey work continuously. Annual repairs do not 
prevent continuous work by officers and crews. 

One of the pressing needs for new vessels and appropriations to 
keep all of our vessels in service throughout the entire year is the close 
relation of surveys to our national defense, inasmuch as the Navy is 
dependent upon these surveys for the safe navigation of its ships. 

GOVERNMENT-OWNED LAUNCHES NEEDED. 

An appropriation for the purchase of launches for wire-drag sur- 
veys and inshore work on the Atlantic and Pacific coasts is again 
urged. The wire-drag parties cost, on an average, $3,173 per month 
each, a large part of which is for the hire of launches. Launches 



BBPORT OF SUPERINTENDENT, COABT AND GEODETIC SUBYEY. 37 

suitable for these operations are scarce, and ail that are available 
must be modified to meet the needs of the work. The launches m(^ 
suitable are the highest priced. For example, the largest boat in 
each of the Alaska parties cost nearly $1,000 each per month. A 
^eat deal of time is lost each year and annoyance incurred in select- 
ing and remodeling the boats for this particular service. The super- 
structure has to be removed and put back in the shape it was found 
at the end of the season, and the Government has to pay for it. If, 
on account of bad weather, the launches have to be laid up, the cost 
of their hire still goes on, and while the officers and men are not idle 
the launches are making no returns. 

If the appropriation is made for Government built and owned 
launches, they can be built not only in the way best adapted for the 
work, but they can be used for wire-drag work as well as revision and 
inshore work. Considered from the standpoint of economy, it is 
certain that as much as 20 per cent would be saved annually on the 
investment. 

The same argument applies in building these launches as with the 
vessels — that their construction is subject to consultation with the 
Navy Department and they would be invaluable in time of war. 

INCREASE OF PAY OF MEN ON VESSELS. 

One of the most serious matters that the Bureau has had to con- 
tend with is the general increase in the pay of the men employed on 
the vessels of the Coast and Geodetic Survey. While more or less 
evident in previous years, this has been brought to the point the past 
season where drastic action was necessary. On July 1, 1916, you 
approved recommendations for increases in pay of $8 per month for 
seamen and quartermasters and $5 a month for other petty officers 
in Alaska in order to insure the retention of these employees. This 
matter is made clear by the following extracts from communications 
from the commanding officer of the steamer Explorer^ and I believe 
the statements are conservative : 

U. S. S. "EXPLOBEB," 

Port Bazan, W, Coast Ball Island, .Maska, June 7, 1916, 

During the last month two sailors have deserted. Willinm Sellick, who had 
previously been in the service, deserted to take a position on a pile driver at 
$65 per month and board, overtime at 50 cents \yev hour ; Sonderscn, to ro on 
the schooner Kuskoktoim River at the coasting wage for seamen of $55 per 
month and 50 cents an hour overtime, and no uniform to purchase. 

We liave a very good crew, a number of old men in the service, who by their 
work have become very valuable to it, but can one blame them from being dis- 
satisfied when they see other Government services, as well as merchant service, 
paying a much greater wage than they are receiving? 

I hope, sir, to be able to get through the season without any serious trouble 
with the crew. I am quite sure none will be causo<l by the treatment the men 
receive, but only by lack of enough wa^e. poor accommodations, and the un- 
certainty as to their employment during the winter. 



U. S. S. "Explorer," 
Ketchikan, Alaska, June 18, 1916. 

Owing to the great demand ff>r labor and the scarcity of ^ood men the wages 
on the coast have been raised in all work connecteil with steniiishii>s. The 
captains, mates, and engineers have already receive<I un increase of at least 
$15 per month on the Alaska boats; the sailors' and longshoreuieu'^ vjcvVvvcv^Xvk^^ 
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l>otli conducted a suixi'ssful strike; and the latest development Is a reported 
strike of the crew of the Kukui of the Llghthnufic Service, which pays much 
more than this service. These facts have caused a Just spirit of unrest among 
the crew of this vessel. They realize that the}' could get a great deal more 
outside the Coast Survey. Tliis led me to send you today the following wire: 

"Would stronfirly recommend Increase in wage of all enlisted men. Ina- 
pt >Ksil)le on coast to get men for wages now paid. Labor scarce and wages high. 
Understand crew lighthouse tender Kukui struck at Seward. Have good crew. 
All can get more money on outside. Please wire me Ketchikan.'* 

To avoid the possibility of delaying the work I felt it my duty to send you 
this wire recommending a raise for all enlisted men. 

In the estimates for 1918 for the Alaska vessels a further increase 
of $S per month per man is included for the lower paid employees. 

On the Atlantic const increases in pay are urgently needed, but 
the present appropriation will not permit it. In the estimates for 
1918 increases of $5 to $10 per month are included. The following 
communications and extracts from communications from the com- 
manding officers of the steamers Bache and Isu explain conditions: 

Sti>:amer "Bache,** 
Norfolk, Va., July 6, 1916. 

I desire to call your attention, although I am aware that you are conversant 
with the condition, to tlie scale of wages paid our enlisted force on board the 
vessels of this service. 

At present it is with extreme difficulty that we can keep our crew, when aU 
other services are paying higher wages, especially the merchant service. Every 
day my men want their discharges to accept better paying Jobs elsewhere on 
board ships. Only n few of my men seem contented. To fill the places of those 
that leave, I can only nH men of the class that nobody else has use for. Along- 
side of us is the FlsluTies steamer Roosevelt paying $40 per month for seamen 
and the lighthouse tender Orchid $35 per month, with tlie other ratings high in 
proportion. 



Steamcr "Isis,** 
Norfolk, Va., June 28, 1916, 

Owing to the high rate of wages being paid in the merchant service at the 
present time it is very difficult to hold good men on the complement of this 
vessel, when some receive less here as petty officers than they would receive in 
the merchant marine as ordinary seamen. Heretofore it has been very difficult 
to hold gootl men here on account of the low pay. Of course, the petty officers 
are the backbone of an efficient organization and unless it can be arranged 
to pay these men more money, we will certainly lose some of them. 

The facts are emphasized by the following statement of seamen's 
pay : 



Service. 



East coast. 



Pay per 
month. 



C'o.u»l and (ieo<lo!ii: Survey 

1 Jghthouse Ser\ice 

Coafit niiard 

M archant marine 

Bureau ot Fbherles 



S30.no 

30.0>-4-S (Ml 

4:i. (X) 

50.00 



Ra. 
tiom 

per 
day. 



SO. 45 
.45 

.20 



West coast. 



Pay \mT 
month. 



S4<.m 

5.Vii> <'iO.U0 

44.40 

53.00 



Rations 
per day. 



SO. 45 
.45-.«) 



•Commuted sulwhteoce Axed by law at iO cents and used only when a mess can not be conducted. 
Actual cost of living when food Is pttrcbased by the QovemmaQt and teued to the men varies from 47 
cents to 55 cents eacn per day. At lome stations food has cost 00 oenti per man per day during this year. 

^ From 50 cents to Si* depending opoa class of Teseel and line. Crews are ftimlstied meals by the ▼eiwi'i 
owners. 
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This brings out the fact that there is no service in the Govern- 
ment where trained seamen are so absolutely essential to the welfare 
of the work. An officer in this Service is a trained specialist, and 
the same term can be used in reference to a seaman who has had a 
term of service in this Bureau. The demands on him are much more 
exacting than under the re^ilar routine on passenger steamers, and 
his duties are more varied and require more thoughtfulness and 
skill. It can be readily understood that a man who has been trained 
by an officer of the Government until he reaches a high degree of 
emciency should be retained from year to year. Conditions should 
be such that an employee who proves satisfactory can be given assur- 
ance that promotion will follow efficient effort on his part. Under 
the present conditions an inexperienced man is hired in the spring, 
receives a partial training during the summer, and is dismissed m the 
fall because the funds are insufficient to continue his employment 
from year to year. Were the fimds sufficient it is perfectly feasible 
to keep these men busy continuously from year to year on work that 
is necessary to be done. 

GEODETIC WORK. 

In my report for 1915 it was shown that the national Government 
should do the geodetic work of the United States, which furnishes 
the fundamental control in elevation and geographic position for 
the surveying and mapping and the various engineering operations 
of the coimtry. 

This work largely consists in the precise leveling, which, starting 
at the coasts, extends inland along the principal lines of communi- 
cation and forms a network of lines of bench marks of a permanent 
nature which may be used as bases from which leveling of eaual or 
lower accuracy may at any time in the future be extended lor the 
detailed surveying and engineering work ; and in primary trianga- 
lation which will cover the coimtry with connecting arcs of stations 
all substantially monumented. The standard or nnal latitude and 
longitude of each station are determined and published for the con- 
trol in horizontal positions of maps, survevs, and engineering works. 

This country has an area of about 3,000,000 square miles and the 
extension of the fundamental control has been necessarily slow on 
account of the cost involved ; but to-day this work is done for less than 
one-half what it cost 20 years ago and with more accuracy, and as 
the demands for the results are far greater than they were previously 
it appears to be good management, on account of the necessity for 
the results and the economy with which it is done, to push to a rapid 
completion that part of the work which is essential now in the proper 
dev^opment of the country. 

The plan that should be carried out during the next^ few years is 
to have such an amount of primary control that no place in the United 
States will be more than approximately 100 miles from a precise- 
leveling bench mark and a primary triangulation station. 

The appeal to Congress during the past session for funds to ex- 
tend the geodetic work of the Survey was met by an increase of 70 
per cent. This is a good start, but considering the fact that the pre- 
vious appropriation was only $31,000, it will be seen that further 
increases should be made, as the estimated cost of completing the 
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^ork which is badly needed now is more tlinn $1,000,000. If no 
further increase is made, this work will require from 15 to 20 years. 
It should be done in one-half that time. 

What has been said as to the need for geodetic control in the 
United States applies equally to the interior of Alaska. There is no 
control, except along the Alaska and Canada boundary and along a 
portion of the coast, for an area of over one-half million square miles 
of territory, which is becoming more and more necessary for the 
operations of several Federal organizations as well as for private 
individuals and corporations. The country can not be properly de- 
veloped without maps and surveys, which in the interior are being 
made bv the United States Geological Survey, the General Land 
Office, the Forest Service, and the Alaskan Engineering Commission. 
Requests for geodetic data in the interior of Alaska have been made 
upon the Coast and Geodetic Survey by oflicials of those organiza- 
tions, and I strongly recommend that funds be provided for starting 
this important work. 

The precise leveling and primary triangulation which should be 
done in the interior of Alaska to enable these re(|U(^sts to be met are 
indicated on the accompanying diagrams and in tlie following state- 
ment: 

PRIMARY TRIANGUIiATlON NEEDED IN ALASKA. (SEE FIG. IS.) 

MUes. 

Norton Sound to Eagle via Yukon River 750 

Yukon River to Kuskokwlm Bay 350 

Upper pari of Kuskokwlm Rivt.T__ . . _ . 250 

Across Ala.skiin I'oninsula, Cook Inlet lo Bristol J>aj. . . ]20 

Susltna River. Coi)k Inlet to Fairbanks 300 

Cordova to Tanana, along Copper and Tanana Uivers— . . _ 7fX) 

From Copi>er River to one hundred and forty-first meridian . 100 



Total 2. 570 

PRECISE LEVELING NEEDED IN ALASKA. (SEE FIO. 10.) 

MUeB. 

Norton Sound to Eagle via Yukon River 800 

Yukon River to Kuskokwlm Bay 4(X> 

Upper part of Kuskokwlm River 300 

Susltna River, Cook Inlet to Fairbanks 325 

Cordova to Tanana, along the Copper and Tanana itiv<'r> . 750 

Copper River to one hundred and forty-fii'st meridian ]10 



Total 2. 0)85 

In my report for the previous year, there was sliown tho impor- 
tance of having certain primary triangulation on tin* Pacilic coast 
of the United States and Ala^^ka and supplomenlaiy trianffulation 
on the Atlantic and Gulf coasts. The increased funds provided by 
Congress made it possible to do something on these lines of work. 

The Survey has continued the establishment of gravity stations 
and astronomic observations for the purpose of collecting data to 
be used in making researches in isostasy. From the lesults of these 
researches our knowledge will be increased regarding the shape and 
size of the earth and the variations from the normal densities in the 
outer portion (commonly called the crust) of the earth. 

I can not leave this subject of geodetic work before calling atten- 
tion to the assistance needed at the oilice to make the results of the 
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field work available for the Government and for the public; in the 
language of the day, the ultimate consumers. 

For many years the primary triangulation in the interior and the 
tertiary triangulation on the coast existed as a number of detached 
schemes each based upon a separate astronomic determination (datum) 
for the latitudes and longitudes of the stations. Eventually (in 
1901) the systems were sufficiently connected to justify the adoption 
of a single datum for the whole countn^. This was necessary for 
the proper utilization of the results. The adoption of the single 
datum for the whole country has been highly commended by geode- 
sists of Europe where, in general, each country has its own datum, 
with consequent confusion m the maps along the frontiers. 

The adoption of the single datum, however, involved the Survey 
in much office work, for practically all of the triangulation done pre- 
viously needed recomputmg. But new geodetic work has been turned 
in, in increasing amounts, bv the vessels and land parties, due to 
lai'ger appropriations for field work, so that at present there have 
accumulated thousands of triangulation stations for which the stand- 
ard or final positions are not available in the proper form for use. 
There has not been a proportionate increase in the computing force, 
which is now just about able to compute and have published each 
year data for as many stations as are established in a year. It is 
not able to handle in addition the older but very valuable work. 
Without an increase in the force of computers much geodetic data 
must remain in the archives and be practically unavailable for use. 

The establishment of a triangulation station in the field costs, on 
an average, about $60, while the cost of computing the observations 
and preparing the results for printing is only about $7 per station. 
It will be gomi business to make this additional expenditure, in the 
form of increased appropriation for additional geodetic computers. 
Not to do so would be as inefficient as officials oi a factory not pro- 
viding sufficient force for the packing and sale of its products. 

IMPROVEMENTS IN PRECISE-LEVELING METHODS AND INSTRU- 

MENTS. 

Several marked improvements were made in precise leveling dur- 
ing the year. One was the change in the manner of setting up the 
tnpod on which the level is mounted. Formerly, the tripod was set 
upon the ballast of the railroad track, while now it is set rigidly 
upon a motor velocipede car. The level is placed upon the tripod 
at the beginning of a day's work and remains there until the day's 
work is completed. The observing is not now such a strain upon 
the observer and greater progress can be made. Another innovation 
was the use of a listing adding machine on which to record the rod 
readings. The use of this machine insures greater accuracy and 
smaller costs in the computations of the results. Figure 20 shows 
tlie two motor velocipedes on which are mounted the tripod for 
supporting the instrument and the adding machine on which are 
recorded the rod readings. 

A third improvement was in changing from the top of the rail- 
road rails to the railroad spikes as the supports f r the rods during 
the leveling. This has resulted in greater accuracy in the results 
and a slight decrease in the costs. 



li 



I 

1 

I 

! r 



42 REPORT OF SUPERINTENDENT, COAST AND GEODETIC SURVEY. 

The fourth improyement was the substitution of metal for wooden 
rods. The metal used is the alloy known as gamma steel, which has 
a very small change in length as compared with other metals for any 
given change in temperature. The new rods had been in use only a 
short time before this report was written, so it is not known how well 
they fulfill the expectations of this office. It is practically certain 
that their use will result in increased accuracy and reduced costs. A 
• section of the rod is shown in figures 21 and 22. This brings out its 
peculiar design and the special foot made necessary by the substitu- 
tion of the spike as the rod support in place of the top of the rail. It 
will be observed that the wooden staff is merely a support for the 
rod, which is a thin strip of metal. The wood also serves to carry 
the numbers of the distances in meters and decimeters above the foot 
of the rod. 

VALUE AND NEED OF MAGNETIC OBSERVATORIES. 

Most of the leading nations of the world are cooperating in a study 
of the earth's magnetism in an effort to determine its origin, the 
causes of its many fluctuations, and the laws which govern them. In 
view of the dependence of navigators and land surveyors upon the 
compass needle, of which the directive force is the earth's magnetism, 
the practical importance of this study can not be questioned. 

In order that accurate data may be available for these investiga- 
tions, many magnetic observatories are in operation, at which contin- 
uous records are made of the changes in direction and intensity of the 
earth's magnetic force. As the changes are found to be different in 
different parts of the earth, it is important to have the observatories 
as widely distributed as possible. The United States, by reason of its 
large extent of territory, is called upon to take a large share of this 
work, and magnetic observatories are now being operated by the 
Coast and Geodetic Survey at Cheltenham, Md., Tucson, Ariz., Vie- 
ques, P. R., Honolulu, Hawaii, and Sitka, Alaska. 

In his address at the celebration of the Centennial of the Coast and 
Geodetic Survey, held in April, 1916, Dr. L. A. Bauer, director of the 
department of terrestrial magnetism of the Carnegie Institution of 
Washington, urged the establishment by the Coast and Geodetic Sur- 
vey of magnetic observatories in the Canal Zone and at Guam. The 
desirability of a magnetic observatory in the Canal Zone had already 
been recognized by the (^oast and Geodetic Survey, and in view of 
the proposed rehabilitation of the Jesuit observatory near Manila 
under the auspices of the above department, it is felt that there is 
greater need for one in the Canal Zone than at Guam. It is proposed, 
therefore, as soon as conditions are favorable and the necessary funds 
can be secured, to establish a magnetic observatory in the Canal Zone. 

To insure freedom from the disturbing effect of electric car lines 
and similar causes it is necessary to place a magnetic observatory at 
least 10 or 15 miles from such installations. From this it follows that 
it is usually necessary to provide quarters for the observer and means 
of transportation for supplies from the nearest supply point. 

When the building now in process of construction at the Sitka ob- 
servatory is completed there will be observer's quarters at each of the 
five observatories except Cheltenham. Up to the present time it has 
been possible for the observer in charge of that ooservatory to rent 
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suitable quarters. The character of the observatory work is such that 
it is important to have the observer in charge live so near that he can 
readily make kn inspection of the buildings and instruments at any 
time of the day or night. At the present time there are only two 
rented houses at Cheltenham, ^nd they are about a mile from the 
observatory. Conditions might easily arise which would compel the 
observer to go still farther away for suitable quarters. The present 
combination of an office and observatory in one building is also un- 
satisfactory because of the danger that necessary articles of office 
eqfuipment may have a disturbing effect on the instruments. Provi- 
sion has therefore been made in the estimates for 1918 for a building 
for office and quarters at Cheltenham. 

A material reduction in the cost of operation of the Tucson and 
Honolulu observatories is expected from the substitution of motor- 
driven for horse-drawn vehicles. A small truck has been purchased 
for Tucson, and while the first cost was about $250 greater than for 
a horse and wagon, it is estimated that there will be a saving of about 
$75 a year in the cost of operation (including depreciation) and 
there will also be a material saving of time on the road and in 
eliminating the care of the horse. A similar change is being made at 
Hcmolulu. The needs of the observatory will thus be better served. 

CONDITION OF HYDROGRAPHIC, GEODETIC, AND OTHER SUR- 
VEYS IN THE UNITED STATES AND ALASKA. 

The hydrographic surveys of our coastal waters constitute the 
most important element of the charts and are the prime factors in 
promoting the safety of navigation. 

The primary triangulation and precise leveling are extended over 
the interior of the country to furnish the fundamental horizontal 
and vertical control for surveys, maps, and engineer works. 

The gravity stations furnish the data for studying the variations 
from normal in the densities of the materials forming the outer por- 
tions of the earth. These data are also used in determming the shape 
of the earth. These are geophysical problems of much interest m 
the scientific world. 

The magnetic observatories must be in continuous operation in 
order to furnish data regarding the numerous changes in the direc- 
tion and force of the earth's magnetism for the purpose of discovering 
the laws governing such changes. 

The astronomic stations are used in the adjustment of the great 
arcs of primary triangulation and for the purpose of determining the 
deflection of the vertical by means of whicn the shape and size of the 
earth are determined. 

Of the following figures, numbers 23, 24, 25, 26, 27, and 28 show the 
hydrographic work done in the United States and Alaska by lead 
line and wire drag during the past year; figures Nos. 29 and 30 
show primarjr triangulation, precise levels, magnetic, gravity, tidal, 
and astronomical work done the past year ; and figures Ros. 3i and 32 
show the conditions of hydrography, geodesy, etc., in the United 
States and Alaska to date. 
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NEW SUBOPFICB8. 

Funds with which to provide for suboffices in each of the cities, 
Boston, Norfolk, and Juneau, and to maintain the Galveston sub- 
office are necessary. The last-named office is in quarters furnished 
by local public organizations. At a small cost it would be possible 
to place m each office a local inspector, who, by coming in contact 
with local conditions and nautical people, would greatly increase 
the value of the Bureau to the public, and materially increase the 
information it could gather in the course of each year regarding 
local nautical conditions. 

RETIREMENT. 

The serious question of retii^ement for civil-service employees, 
while probably affecting more or less all the bureaus of the Govern- 
ment, is so specially evident in the Coast and Geodetic Survey that 
.some specific retiivinent j)ruvision should be made for its hydro- 
graphic and geodetic engineers. The Bureau is somewhat handi- 
capped to-day because of the fact that a number of these highly 
trained men who have served the country faithfully for nearly 50 
years and have had largely the same education as the graduates of 
Annapolis or West Point have now reached the age where the duties 
they once performed are too irksome for their advanced years. It 
necessarily results in a hardship for them to undertake such arduous 
tasks. 

The small salaries these hydrographic and geodetic engineers, who 
are also navigators, have received during their tenure of office have 
not been adequate for them tosaveany considerable amount of money. 
The result is that in their advancing years they nre forced to attempt 
to continue at their duties when at the age of 64 they should be allowed 
to retire at a substantial retired pay, the same as nn Army. Navy, 
Public Health Service, or Coast Cjuard officer. It is not justice 
to ask that these men retire from the service. At tlie snine time, 
speaking frankly, the service is handicapped, inasmuch as their 
places should naturally be filled by younger men who are better 
able to meet the hanlships. 

To-day there are fifteen or more men who have passed the retire- 
ment age, and they should be j>roperly cared for by the Government 
to whidi they have devoted their lives. No one except those in touch 
with the situation can realize what their services have meant to this 
part of the Government work. While I have dwelt particularly on 
the question of retirement for hydrographic and geodetic engineers 
here, other aged employees of the Bureau are deserving of recogni- 
tion under retirement legislation but along different lines. 

PURCHASE OF DUTCH HARBOR, ALASKA, AS A GOVERNMENT 

BASE. 

Further attention is called to the desirability of the purchase of 
Dutch Harbor, Aleutian Islands, Alaska, as a Federal Government 
base. It is a matter that has been advocated by the heads of other 
services in the Government, and the value to the Government of this 
location in far western Alaska can not be overestimated at this time. 
Further, it can be said that it would be a better investment to the 
Government than it was a year ago on account of the increased 
activities in Alaska and its waters and the greater need of a perma- 
nent coal, oil, and supply base on tW Becmg ^^qql. 
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Part m.— STATEMENT FOK THE PAST TEAE OF ACCOMPLISHED 
YIELD AND OFFICE WOEK, ACCOMPANIED BY ULTTSTEATIONS 
AS SEQTTIEED BT STATUTE, SHOWING THE PEOOEESS MADE. 

DIVISION OF HYDROGRAPHY AND TOPOGRAPHY. 

The division of hydrography and topography has supervision of 
the hydrographic and topographic work on the coasts oi the United 
States and insular possessions; the vessels of the Survey, including 
their construction, maintenance, repair, eriuipment, personnel, and 
office records; the subofficos, including the office of the Director of 
Coast Surveys at Manila; the completion in the office of the field 
records of the surveys; the compilation of the Coast Pilot in the field 
and office; and the tide and current work of the Survey, including 
the compilation of the tide tables. 

Orders and instructions for the personnel and parties engaged in 
the above-named work, and the necessary correspondence, are pre- 
pared in the division of hydrography and topography. The division 
includes five sections, namely, field work, held records, vessels and 
equipment, coast pilot, and tides and currents. 

Following is a general statement of progress of the field and office 
work. Detailed statements of the work are given in the reports of 
the chiefs of sections and parties. 

FIELD WORK, ATLANTIC COAST. 

The steamer Bache was employed during the greater part of the 
year on hydrography extending out to the 100-fathom curve on a 
part of the coast of Xew Jersey; off the entrance of Chesapeake Bay, 
Va. ; and on the coast of Georgia from Brunswick to a point 8 miles 
southward of Savannah entrance. Kej)airs were made to the vessel 
during parts of July, August, December, and January; and work 
was interrupted during parts of September and October for necessary 
repairs to the boiler. While the repairs were in progress during July 
and August, 1015, revision work was done by tlie party in Norfolk 
Harbor and Hampton Eoads. While the vessel was laid up at Nor- 
folk during June, 1916, because of a shortage in fimds lor party 
expenses, the party was engaged in a resurvey of the approach to 
Hampton Eoads inside of Cape Henry, in the office work on the 
records of the work on the coast of Georgia, and in preparing for 
repairs. 

The steamer Tlydrographer was em]iloyed in hydrography in New 
York entrance in the vicmity of Sandy Hook; current observations 
in the Race at the easterly end of Long Island Sound j hydrographv 
around the northerly hallF of Block Island and including Great Satt 
Pond, B. I.; the examination by means of an improvised wire drag 
of a reported shoal in Gardiners Bay. N. Y. : a topographic anrl 
hydrogi'apbic resurvey of Assateague Anchorage and the noar-bif 
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outlying shoals ; and a topographic and hydrographic resurvey, in- 
cluding the channels out to the bar, of Port Royal Sound, S. C. Four 
tall sisals to be used by the his for the offshore hydrography were 
erected by the party on the Hydrograplier. Repairs to the Uydrog- 
rapher were made during November, 1915, and during parts of May 
and June, 1916. 

The steamer Isis was purchased on July 1, 1915, and was employed 
during the greater part of the year on hydrography, extending out 
to the 100- fathom curve on a part of the coast of New Jersey ; off the 
entrance of Chesapeake Bay, Va., and the coast of South Carolina 
from Charleston to a point 18 miles northward of Savannah River 
entrance. Repairs were made to the vessel during parts of July, 
August, and October. The vessel was laid up at Norfolk during 
June, 191 G, because of a shortage in funds for partv expenses, and 
several of the officers were ordered to the steamer Tiache to assist in the 
survey of the approach to Hampton Roads. 

The schooner Matchless completed the resurvey of Roanoke and 
Croatan Sounds, Pasquotank River from Albemarle Sound to a point 
2 miles above Elizabeth City, and the easterly side of Pamlico Sound 
from the north end of Core Sound to Ocracoke Inlet, N. C. Repairs 
were made during parts of December and January, while the survey 
of Pasquotank River was in progress. 

Wire-drag party No. 1 continued the survey of the approach to 
Boston Harbor, Mass., which was completed from Minots Ledge to 
Nahant; Quicks Hole and a near-by part of Buzzard's Bay, Mass.; 
the eastern passage of Narragansett Bay in the vicinity of Newport, 
R. I.; and the coast of Massachusetts in the approaches to Salem. 
Chart revision was done by this party in Narragansett Bay. Field 
work was done from July 1 to Novemlxjr 15, 1915, and from May 15 
to June 30, 1916. An earlier start in the spring of 1916 was prevented 
by a shortage in party expense funds. 

Wire-drag party No. 2 continued the survey of the coast of Massa- 
chusetts between Boston and Cape Cod Canal, and completed the 
stretch from Minots I^dge to Plymouth ; and began a survey of East 
River, N. Y., the most difficult P^irt of the main channel of which 
was completed from Lawrence Point to College Point. Wire-drag 
field worK was done from July 1 to November 2, 1915, and May 15 
to June 30, 1916. An earlier start in the spring of 1916 was pre- 
vented by a shortage in party expense fimds. Chart revision was 
done in ftast River and Newark Bay, and hydrographic examinations 
were made in the vicinity of Bergen Point, N. JT, and in Pollock Rip 
Slue, Mass. This work was done principally after the close of the 
wire-drag work in the fall and prior to the organization of the main 
party in the spring. 

A large number of uncharted rocks were found by the wire-drag 
parties in the regions examined. These were reported promptly, 
and wide publicity was given them through the Notice to Mariners 
and the press. 

On June 17, 1916, a subparty of wire-drag party No. 2 began a topo- 
graphic and hydrographic resurvey of Plymouth Harbor. Mass. 

A revision survey of Arthur Ball, lying between Staten Island and 
New Jersey, begun the previous fiscal year, was completed, and a re- 
survey of Oyster Bay was begun. Early in February the party dis- 
banded, owing to a shortage of funds. 
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Keyision surveys for the location of pnmiinent natural objects and 
buildiuj^ and locating tall hydrographic signals were made on ti^e 
coast of New Jersey in the vicinity of Beach Haven,^ at the entrance 
of Chesapeake Bay, and on the coast of South Carolina and Greorgia 
between Charleston and Brunswick. This work was done by shore 
parties for the use of the Isis and Bache in the offshore hydrographic 
work. 

Prior to sending the volume to the printer, a field verification was 
made during a part of November, 1915, of Coast Pilot information 
from Sandy Hook to Cape Henry, including Delaware and Chesa- 
peake Bays. During May and June, 1916, field work was in progress 
for a new edition of Inside Route Pilot, New York to Key West. 

Suboffices of the Survey, each in charge of a field officer of the 
Bureau, were maintained at New York and Galveston. A stock of 
charts and other publications of the Survey has been kept on hand 
for consultation by the public and for sale. In addition to collecting 
and giving information, the officer at Galveston has made an ex- 
amination of many seamen for certification in compliance with the 
seamen's act. Due to the lack of an additional officer, or a clerk, at 
each suboffice. the inspector in charge has little opportunity to make 
important field inspections of the state of the charts and surveys in 
his district. 

At the request of the Navy Department, an officer of the Survey 
verified and renewed the beacons of the torpedo-boat trial course at 
Provincetown, Mass. 

FIELD WORK, PACIFIC COAST. 

The steamer Explorer^ during the summer of 1915, was employed 
on combined surveys at the entrance of Cook Inlet, where large un- 
surveyed areas with reported dangers existed in the track of vessels 
bound to and from the Government railroad terminal at Anchorage, 
Knik Arm. During the latter part of October a resurvey was made 
in Port Gamble, Wash. The vessel was laid up with reduced crew, 
and repairs were made at Seattle during the winter. On April 4, 
1916, the vessel left Seattle for the field of work, to take up surveys 
on the unsurveyed coast of Dall, Baker, Suomez, and other islands, 
northward from Cape Muzpn, southeast Alaska, and extending out 
to the 1,000-fathom curve. The launches Cosmos and 117 were as- 
signed to this party. Field work was begim on April 20 and is in 
progress. 

The steamer Gedney made a complete survey of Bucareli Bay, 
Port Real Marina, and Portillo Channel from the limits of previous 
surveys to the seaward entrance between Capes Bartolome and Felix, 
southeast Alaska. Forrester Island, Wolf Rock, Cape Lookout, and 
prominent peaks on Dall Island were located by triangulation. A 
wire drag was passed over the more doubtful areas in the main 
channels and harbors. The vessel returned to Seattle on October 26. 
The crew was immediatelv reduced and the vessel was condemned 
and sold. 

The steamer McArthur^ during the summer of 1915, was engaged 
on combined surveys of Sealed Passage, Felice Strait, and the north- 
erly part of Revillagigedo Channel. During a large part of the 
season four working parties were employed in the field. Upon the. 
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return of the vessel to Seattle on October 26 the crew was imme- 
diately reduced and the vessel was condemned and sold. 

The steamer Patterson^ during the summer of 1915, was employed 
on general surveys in the Shumagin Islands, Alaska Peninsula. In 
the latter part or August and the first half of September the vessel 

{)roceedOd to Goodnews Bay, Kuskokwim entrance, and with the 
aunch Alpha on deck convoyed the steamer Yukon to Isanotski 
Strait. A huge camp party, employed on combined operations, was 
maintained during the entire season. The work was unusually dif- 
ficult owing to the precipitous coast, exposure to the ocean swell, 
and the danger in making landings. 

Parts of Nagai and Big Koniuji Islands and all of Peninsula, 
Spectacle, Bondel, and Turner Islands were surveyed. Ship hydrog- 
raphy was executed between the islands, and launch hydrography 
was extended along all the coasts surveyed except Turner Island. 
Several anchorages were developed, of which Mist Harbor is the best 

Erotected. While at Unalaska for coal, the area about Tuscarora 
lock was developed, and at the end of the season, on the passage to 
Kodiak, the repoited extension of the spit at Harvester Island was 
developed. 

The Patterson arrived at Seattle on Noveml)er 8, was laid up, and 
her crew reduced. Kepairs were made during the winter. On April 
5, 1916, the vessel left Seattle for the field of work, which embraces 
the passages in southeast Alaska leading M^uthward from Sumner 
Strait between Kashevarof Passage and Eastern Passage and includ- 
ing Ernest Sound and Bradfield Canal. Field work was begun on 
April 20 and is in prcjgross. 

The steaniei- Taka continued and completed the combined surveys 
of Port Gravina, the coast from Knowles Head to Red Head, and 
Fidalgo Bay, Prince William Sound. Field work was closed on 
September -JO, 19ir>, and the party returned to Seattle. The party 
left Seattle on April 'J*^, 1910. arrived at Cordova on April 29, and 
on May 25 took up the survey of Orca Inlet and the delta from 
Point Whitshed to Point Martin. A shore party began the survey 
of the military reservation at Orca Inlet on May 10. 

The steamer Yukon continued combined surveys of the Kuskokwim 
River during the siunmer of 1015. A large beacon was erected on 
Carter Spit as an aid to navigation. An officer from this party 
piloted the commercial steamer Alliance through Kuskokwim Bay 
and into the river, and then made a running survey of the river 
above Bethel on a river steamer. Work was closed on August 29, 
and the Yukon was convoyed to Isanotski Strait by the Patterson. 
The Yukon and launch Alpha were then hauled out at Kings Cove, 
and were not put in connnission in the spring of 1910 owing to a 
shortage of officers and party expense funds. 




ried from Vallenar Point to Zarembo Island. Field work closed 
October 9 and the party returned to Seattle on October 22. 
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On April 2, 1916, the party arrived at Ketchikan and drag work 
was begun April 21. The field of work includes the passages between 
Clai-ence Strait and Eastern Passage, extending southward from 
Sumner Strait to and including Em^ Sound.^ 

Wii-e-drag party No. 4 completed the dragging of the main chan- 
nel of Sumner Strait from Shakan Bay around Point Baker to 
Zarembo Island. The work was rendered unusually difficult in the 
vicinity of Point Baker by reason of strong tidal currents and swirls. 
Field work closed on October 9 and the party returned to Seattle on 
the 20th. 

On April fi, 1916, the party arrived at Wrangell and drag work 
was begun on April 22. The field of work comprises the completion 
of the entire channel of Sumner Strait from Wrangell to tne sea, 
including the entrance northward of Coronation Island, and tiie 
passages extending southward from Sumner Strait to a junction 
with the work of wire-drag party No. 8. 

A considerable number of uncliarted rocks were found by the wire- 
drag parties in the regions examined. These were reported promptly 
and wide i)ublicity was given them through the Notice to Mariners, 
special notices in Alaska and Seattle, and the press. A publication 
was prepared descriptive of the wire-drag work in Alaska. 

A revision party made a hydrographic examination at the end of 
September, 1915, of the bar between Middle and Stake Points, Suisun 
Bav, San Francisco Bay, Cal. 

In June, 1916, a supplemental hydrographic examination was 
made in the vicinity of Cape Flattery, which located a reported 
breaker 1^ miles southwest of Tatoosh Island, and developed Neah 
Bay and the broken ^ound near Duncan Rock. This party then 
took up the field revision of the coast pilot of California, Oregon, 
and Washington. 

On May 81, 1916, an officer arrived at Ketchikan and began a field 
revision of the coast pilot of southeast Alaska. Advantage was taken 
of the low run of tides in June to locate several uncharted rocks. 

Suboffices of the Survey, each in charee of a field officer of the 
Bureau, were maintained at Seattle and San Francisco. A stock of 
charts and other publications of the Survey has been kept on hand 
for consultation by the public and for sale. In addition to collect- 
ing and giving information, the office and the officers on vessels 
(while laid up at Seattle)^ have made an examination of many seamen 
for certification in compliance with the seamen's act. 

• 

FIELD WORK, PHILIPPINE ISLANDS. 

The work of the Survey in the Philippine Islands is executed un- 
der the direction of the Director of Coast Surveys, an officer of the 
Coast and Geodetic Survey, who, acting under authority of the 
Superintendent, makes plans for the work, issues detailed instructions 
to the field parties, and also has charge of the suboffice at Manila. 
The expenses of the work are met partly from the appropriation 
for the Coast and Geodetic Survey and partly from funas provided 
by the Philippine Government, which also furnishes four vessels for 
surveying purposes. One steamer, the Pathfinder^ is furnished by 
the Coast and Greodetic Survey. 
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The five vessels of the Survey have been kept nt work in the field 
as continuously as possible, being absent from the field only for the 
purpose of renewing coal and other supplies and having the neces- 
sarv repairs made, except that the FaJbhomer was laid up owing to 
lacK of funds during October, November, and December. iJntil 
February 1, 1916, there were available but little over one-half of the 
surveying officers required for the vessels, and at the close of the 
fiscal year there was a sliortage of 8 officers in the 24 required. 

In the item of party expenses the increased cost of coal is adding 
very materially to the cost of the work. This is true, in general, for 
all of the vessels, as their field of work is now distant from the more 
frequented routes of travel and commerce, in consequence of which 
the price of coal at ports in such regions is much higher than in the 
principal commercial ports of the Archipelago. 

The steamer Pathiindcr was employed on h ydrographic surveys in 
the easterly approach to San Rernardino Strait and combined sur- 
veys at the entrance of Manila Bay. Lines of hydrography across 
the Sulu Sea were run to develop a safe route for vessels "through 
Balabac Strait, northward of Borneo. Combined surveys wei-e 
begun at the south end of Palawan. A base site was selected and a 
base measured on Muntagule Island, which involved a larse amount 
of heavy cutting and the erection of five scatrolil signals, the highest 
235 feet, constructed from the timber cut on the ground. Repairs 
were made during a part of July, October, and November. 

The steamer Fathomer was employed on hydrojrraphic surveys in 
the north end of the Sulu Sea in the vicinity of the Cuyo Group. 
The vessel was laid iin from October 6 to December .'U for want of 
Philippine funds. Combined surveys were then done in Green 
Island Bay, east coast of Palawan. Afterwards the triangulation 
of the south coast of Mindanao was taken up. 

The steamer Iiomhlon was employed on c<)ml)ined surveys in the 
vicinity of the north end of Palawan and the Cabulaun Islands 
during the entire yoar, when field work was in i>r()<j:rt'ss. The vessel 
was laid up during December for want of funds and was repaired 
during January, when the Philippine appropriations became avail- 
able. 

The steamer Marindur/ite was employed on combined surveys on 
the east coast of Conm and Busuanga and the western approaches 
to Coron Bay. Eepairs were made during January and February. 
Combined work was then continued on the east coast of Palawan 
from a junction with the work previously done in (Jreen Island Bay. 

The steamer Research was employed on combined surveys on the 
east coast of Masbate Island, on the south coast of Luzon from Can- 
rusan Point to Port Putiao, and Sorsogon Bay. During April the 
triangulation was extended from near Sorsogon to T-.agonov Bay, in 
cooperation with a shore party. 

A shore party established a triangulation station on Mayon Vol- 
cano, southern Luzon, and connected it with the scheme of triangula- 
tion, connecting Sorsogon to Lagonoy Bay. 

ASSISTANCE RENDKHED. 

At 10.30 on the night of June 23, 1916, the Spanish IJoyal Mail 

Line steamer Fernando Poo stranded on a reef near Black Rock 

Light in the Sulu Sea, Philippine Islands. Urgent distress calls 

were immediately sent out by rad\o sitvd weve picked u^) by the 
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Coast and Geodetic Survey steamer Pathfinder at 11.30 p. m., then at 
anchor among the maze of coral reefs off the southwest end of 
Palawan Island. Steam was immediatelv raised on the Pathfifider, 
boats were sent out with liehts to marK the channel through the 
reefs, and the vessel immediately proceeded to the relief of the 
Fernando Poo^ a distance of 180 miles, where she arrived at mid- 
night on June 24. At daylight on the morning of June 25, the work 
of taking off 50 passengers, 9 members of the crew, mail, baggaee, 
and necessary provisions was begun. Several attempts were made by 
the Paihfinaer to tow the Fernando Poo off the reef, but without 
success. Upon the arrival of the Coast Guard cutter Mindanao^ the 
Pathfinder with the passengers and mail left for Iloilo, where she 
arrived at 1.15 p. m. on June 26. The rescued passengers of the 
Fernando Poo greatly appreciated the assistance rendered by the 
officers of the Pathfinder^ who in order to accommodate them gave 
up their own cabins to the shipwrecked people and in every way possi- 
ble contributed to their comfort and safety. 

Several vessels were rendered minor assistance by the Isis while 
employed on offshore work in southern waters. The four-masted 
schooner Augustus Weltj 75 days out from Buenos Aires and bound 
for Stamford, Conn., spoke this vessel off Port Royal Sound on 
February 11 and requested that she be reported to her owners, which 
was done. 

On January 18, during very thick weather, the United States Engi- 
neers' dredge Barnard spoke the Isis off the entrance to Charleston 
and requested course and distance to Charleston Light Vessel, which 
was given them. 

On April 28 the gasoline launch North Star^ in Charleston Harbor, 
was about to swamp, due to overloading and a light choppy sea, and 
was towed in by the Isis. 

Several vessels were rendered minor assistance by the steamer 
Bache while employed on offshore work in southern waters. 

On February 23, 1916, assistance was rendered to the barkentine 
ArgOj of Nostral, Denmark, 42 days from the Mediterranean. She 
was sighted about a mile off in thick haze, and, although making no 
sign of wishing to speak, the Bache changed course to her. When 
spoken, the captain said he had been lost for three days in thick fog 
and haze and was making for Satilla River, (Ja. His position and 
course were given him. 

Later a radio^am from the steamship Rio Grande was received 
asking for the distance and the course from survey buoy "A" of the 
Bache to St. Simons Gas Buoy. His position and course were fur- 
nished by radiogram. 

On March 2, 1916, the Bache spoke the Finnish bark Vega bound 
for Sapelo River from Europe. At his request a radiogram was sent 
for a tug to meet him off Sapelo Bar. 

On April 18, 1916, the Bache spoke the topsail schooner Jarstein 
of Syndesnas, Norway, and gave the master his position and sent a 
wireless to Brunswick requesting a tug to meet him at Sapelo Bar. 

NEW VESSELS FOR THE SURVEY. 

An appropriation of $289,000 was made available July 1, 1915, for 
two new vessels for the Survey to replace others wociv <xn\<. nxv >5c^ 
service and not worth further repairs. 
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As mentioned in the last annual report of the Superintendent, the 
Isis was purchased on July 1, 1915, for service on the Atlantic coast. 

Plans were prepared for a new vessel, the Surveyor. Invitations 
for bids were sent to all ship-building concerns on the Atlantic and 
Pacific coasts of the United States and the Great Lakes. The lowest 
bid was made by the Manitowoc Shipbuilding & Dry Dock Co., Mani- 
towoc, Wis., to which firm the contract was awarded on October 2, 
1915, and calls for the delivery at Manitowoc, Wis., on or before 
October 4, 1910. 

The Surveyor is a stt»el steam vessel of 1,000 tons displacement. Her 
dimensions are: Length over all, 186 feet; length on load water line, 
IGO feet; beam, 34 feet; depth of hold, 21^ feet; loaded draft, 12 feet. 
She will be driven by one triple-expansion engine of 1,000 indicated 
horsepower, and is expected to make 12 knots under this power. 

The vessel will carry a coni])lement of 13 officers and 56 enlisted 
men. She will burn fuel oil exclusivelv* and will have a tank 
capacity of 230 tons. She will carry 20,000 gallons of fresh water 
for boilers and for general ship use, and will have sufficient capacity 
for mess and ship's stores for about six months. The main engine is 
of the vertical, inverted, three-cylinder, triple-expansion, surface- 
condensing type, with cylinders 18, 29, and 47 inches in diameter and 
30-inch strofce. The working steam pressure at the high-pressure 
cylinder will be 185 pounds, driving the engine at 110 revolutions 
per minute. The propeller is of cast steel of the built-up type with 
four blades. The diameter is 10 feet 6 inches, and the pitch is 13 
feet 4^ inches. 

Steam is furnished by two Scotch-type boilers, 11 feet 9 inches in 
diameter by 11 feet 11 inches long over all, each fitted with two 
Morrison corrugated furnaces of 42 inches inside diameter. The 
boilers are in a compartment just forward of the engine compart- 
ment and are placed one forward of the other with the firing space 
between. The boilers are fitted to burn fuel oil, which is carried in 
tanks on each side and forward of the boiler space. 

The Surveyor will carry the usual ecjuipment of a surveying vessel, 
including machines for soimdinp at all depths down to the greatest 
ocean depths. The lighter machines will be electrically driven, while 
the deep-sea sounding machine will be operated by a steam engine. 
The radio equipment, which will be the new type of apparatus de- 
signed by the United States Bureau of Standards for Government 
vessels, will be tested and installed by the radio experts of that 
Bureau. 

SECTION OF FIELD WORK, 

The section of field work was created October 15, 1915, as a part 
of the newly organized division of hydrography and topography. 

This section has direct supervision over the hydrographic and 
topographic work of the Survev. The methods used and the results 
obtained in the field are carefulty reviewed with a view to developing 
uniform and improved methods and means for field work. 

The investigation of surveys with respect to difl'erences of existing 
surveys, the character of the locality, the nature of the bottom, ana 
the required closeness of the work pertaining to areas where new 
surveys or revision work are contemplated, is carried on, and data 
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prepared for instructions to the officer to be assigned as chief of 
party. 

In supervising field operations, inspection was made of the party 
engaged upon revision work in the vicinity of Oyster Bay, N. Y., 
and of the party upon the survey of Port Koyal Sound, S. C. 

The work of the section was performed by the chief of the section. 
Manv miscellaneous duties have been, of necessity, performed by the 
chiei of the section, and the time for the work of critically inspecting 
the field sheets with a view to recommending them for approval has 
been limited. The lack of facilities for filing charts upon which data 
has been prepared, together with the.lack of clerical assistance, handi- 
capped the work tor which the section was created. 

The very important work of analyzing the cost of the work of 
field parties, in order that attention can be called to all causes which 
increase the cost of the work, has not been done owing to other duties 
that required immediate action. 

The section has made estimates of cost and time required for work 
in localities when surveys have been requested and of work to be done 
in connection with surveys of the United States Engineer Corps. 

Field officers upon arrival at the office have been temporarily 
assigned to this section to complete their field notes and data under 
the supervision of the chief of the section as the responsible head. 

SECTION OF FIELD RECORDS. 

The section of field records was created October 15, 1915, as part 
of the newly organized division of hydrography and topography. 

One draftsman was detailed to the section to assist the chief of this 
section. 

The work assigned to the section was, briefly, the critical review 
and verification of the results of the field work and the preparation 
of such data for publication. 

Between November, 1915^ and May, 1916, field officers, averaging 
18 to the month, were detailed to this section for the completion ox 
the field work of the past season. The field parties were disbanded 
sooner after the close of work in the field than had been done in 
former years, due to the assignment of officers to the Philippines and 
elsewhere. As a result the field data were received in the office in a 
more unfinished condition than ever before. 

Notwithstanding this fact, the field officers were able, during the 
winter and spring, to practically complete the plotting of the field 
sheets preparatorv to the office verification and inking. This was due 
to the fact that the work of the field officers could be more efficiently 
directed when under the control of a responsible head than if assigned 
to the office at large. The resulting benefit, both to the officers and 
to the work, from this method of handling the field force during the 
periods between field work, is so considerable that it will be continued 
in the future. 

SECTION OF VESSELS AND EQUIPMENT. 

The section of vessels and equipment was created on October 15, 
1915, for the purpose of keeping better supervision over the vessels 
and other equipment of the parties employed on hydrographic and 
topographic surveys and to standardize as far as possible this equip- 
ment. 
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This section is charged with the construction, maintenance, and 
improvement of the vessels and their equipment; with the prepara- 
tion of plans and specifications for new vessels, boats, and equip- 
ment ; with the standardization of outfits for vessels and shore parties ; 
and with the supervision of the personnel on the vessels to the extent 
that discipline snail be maintained, that the vessels shall be properly 
cared for, and that the regulations shall be observed. 

All of the vessels on the Atlantic coast have been inspected twice 
since October 15, 1915, and all defects have been corrected, to the 
extent of tlie funds available for that purpose. On accoimt of an 
insufficient appropriation for "Repairs to vessels," some necessary 
repairs and alterations to the steamers Isis^ Bache^ and Hydrographer 
were deferred until the appropriation for 1917 became available, but 
these matters will be attended to this season. It was impossible to in- 
spect the vessels of the Pacific coast before the beginning of this field 
season, and accordingly the inspection and repairs to them were made 
by the inspector in charge of the Seattle suboffice. 

All plans and specifications for repairs, for new construction, and 
for the purchase of equipment have been prepared in this section or 
have been examined and passed or revised in the section. All con- 
tracts for these repairs and purchases and leases for launches have 
been examined in this section oefore accei)tance. 

A large part of the work of the section has been the examination of 
estimates lor supplies and operating expenses of hydrographic and 
topographic parties as well as the estimates for repairs to vessels. 
The examination of the monthly and inspection reports and state- 
ments of iiold parties and records of the enlisted personnel of the 
vessels, topethor with correspondenpe regarding vessels, equipment, 
and personnel, has required much of the time ox the section. 

CO AST-PILOT WORK. 

The coast-pilot section has been engaged both in field and office 
work. The field work is luentioiied under *' Field work, Atlantic 
coast." 

The office work includes the preparation of Coast Pilot, Alaska, 
Part IT: Coast Pilot, Section C; and Coast Pilot, Section E; supple- 
ments for (M^lit Coast Pilots; and correction sheets for insertion in 
Coast Pilots. Alaska. Part II, and Sections C and E have been re- 
ceived from the printer. 

Much valual)le work has been done by the coast-pilot section in the 
examination of original sheets and furnishing data as to the condition 
of the surveys and also in answering inquiries and compiling infor- 
mation on vni'ious subjects. 

A ])lan for ol)tainiiig. with the cooperation of the Steamboat-In- 
spection Service, information relating to wrecks and casualties to ves- 
sels was carried into effect. 

An analysis was made of the cost of printing coast ]ul()ts and sup- 
plements which showed that changes in the form and typing made 
about 1912 has cut in half the cost of both coast pilots and supple- 
ments. Further simplification of the type in the volumes at present 
in press is expected to still further reduce the cost. 
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TIDES AND CURRENTS. 

Tidal observations were made in connection with all hydrographic 
surveys in the United States, Alaska, and the Philippines, and at 7 
regular stations on the Atlantic coast, 3 in the Ghilf of Mexico, and 
3 on the Pacific coast. 

Tidal indicators^ exhibiting automatically the sta^e and height of 
the tide, were mamtained at Fort Hamilton and New York City, 
N. Y., and at Eeedy Island, Delaware Kiver. 

With the cooperation of the Bureau of Lighthouses, observationa 
of currents were made at 5 li^ht vessels on the Atlantic coast, 2 in the 
Gulf of Mexico, and 5 on me Pacific coast. Current obs^ations 
were made also by a number of field parties in connection with their 
hydroOTaphic work. 

SlacK-water observations were made at the Bace, Lonf Island 
Sound, and current observations made in the Race and in Uie Cape 
Cod Canal. 

In order to make immediately available for the benefit of naviga- 
tion the new current information obtained, two special publications 
were prepared and distributed. Tidal Currents, Pacific Coast, 1916, 
and Tidal Currents, Atlantic Coast, 1916. 

These publications give the predicted times of slack water at two 
Pacific coast and five Atlantic coast points for the year 1916, with 
differences giving slack water at numerous places along each coast. 
Information concerning coastal currents was also given in detail. 

The Tide Tables for 1917 were prepared and sent to the printer. 
I^eginning with the tables for 1917, considerable additional informa- 
tion along tidal and current lines has been added, the tables have 
been greatly enlarged and simplified, and all the information has 
been put in a form specially adapted for ti^e use of mariners and 
others Msing the tables. 

Special tide tables for the Kuskokwim Ba^ and Bivelr, Alaska, 
for 1916, were prepared and distributed. This information will in 
the future be incluaed in the regular Tide Tables. 

An effort has been made to greatly improve the tidal bench marks 
of the service, and to this end a circular on tidal bench marks was 
prepared. 

A special effort was made to have newspapers in all the principal 
cities publish official tidal and other data, giving credit for the 
same to the Survey, and a large number of newspapers responded. 

Considerable new current information was prepared for coast 
pilots of Alaska, west of Yakutat Bay; Atlantic coast, Sandy Hook 
to Cape Henry ; and of the Gulf of Mexico. 

DIVISION OF GEODESY. 

On October 15, 1915, the office of inspector of geodetic work and 
the computing division were consolidated under the title of division 
of geodesy. 

FIELD WORK. 

The reconnoissance for primary triangulation from southern Idaho 
westward along the Oregon Short Line Bailway through Orej^on 
was completed and a connection made with triangulation stations 
of the California-Washington arc in the vicinity of Portland. Ore^. 
During the progress of this work stations ^«"c^ ^x^^:t^d^ Wt *^^«k 
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use of the obeeiring party. An automobile trade was used mii 
fully as a means oitransportation. 

In the months from January to April the angles were measored 
at the turning points of the primary traverse which extends from 
Memphis, Tenn., to Little Rock, Ark. 

Observations at primary triangulation stations in northern Utah 
which were begun during the previous fiscal year were continued. 
The work follows the Oregon Short Line Railway to its crossing 
of the Columbia River in northeastern Oregon. Tne arc then runs 
westward down the river to^ a junction with the California- 
Washington arc of primary triangulation in the vicinity of Port- 
land, Ore^. Work was suspended in November, 1915, and resumed 
in thie spring of 1916. with the measurement of a primary base line 
at Stanneld, Ore^. At the end of the fiscal year observations were 
in progress at tnan^lation stations in the vicinity of and to the 
eastward of Portland, Oreg. 

Astronomic azimuths were observed at many of the triangulation 
stations. Two three-fourth-ton automobile trucks were used for 
transporting the party in 1916. 

A primary traverse line between Memphis, Tenn., and Little Rock, 
Ark., was measured with base tapes, with the tape supported on the 
rails throughout its length. Near the end of the nscal vear a primary 
base line was measured in the vicinity of Argenta, Ark. The angles 
on the turning point of the traverse had been observed previously by 
a separate party. 

From August to October, 1915, a reconnois^ance for primary trian- 
gulation was begim and was extended from the vicinity of Pecos, Tex., 
northward through New Mexico and into Colorado. The work be- 
gan at stations of the Texas-California arc and ended at stations of 
the transcontinental arc. Provision was made for connections with 
monuments of State boundaries crossed and with triangulation sta- 
tions of the TJnited States Geological Survey. 

A portion of an old traverse line was renm which had been ex- 
tended from Point Isabel to Brownsville, Tex. 

During the winter of 1915-16 a secondary triangulation was exe- 
cuted along a portion of the Patapsco River and in Baltimore Har- 
bor and the vicinity of Baltimore, in compliance with a request from 
the district engineer officer of Baltimore. In spite of very unfavcHT- 
able weather wiis work was carried through to completion with a 
very satisfactory degree of accuracy and at a small cost. This tri- 
angulation has Deen computed at this office, and the resulting geo- 
graphic positions have been furnished to the district engineer omcer 
as well as to the Baltimore city engineer and harbor board. 

During the winter of 1915^^16, m cooperation with the Chief of 
the Geodetic Survey of Mexico, a connection was made across the 
Bio Grande of the triangulation systems of the United States and 
of Mexico. This connection is a matter of very great moment in the 
field of geod«iy and geography. 

Two parties were engaged at different times during the fiscal year 
in determining by triangulation the positions of a number of objects 
on the Pacific coast for use by the Lighthouse Service in locating 
buoys and other aids to navigation. One of these parties worked to 
the northward and the other to the southward of San Francisco. 
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The line of precise levels between Beno and Las Vegas, Nev., 
which had been begun in the latter part of the previous nscal year, 
was completed. Tnis line was run primarily at the request of the 
United otates Geological Survey, it was needed to coordinate a 
number of lines of levels of that Bureau which had been extended 
into the southern part of Nevada. A spur line was run into south- 
em Califomia to tne town of Laws. Connection was also made with 
bench marks established by railroads and other organizations. 

This leveling party worked under very trying conditions as to 
temperature, siuce it was operating in a desert country and the heat 
was excessive. 

When the line had been carried to Las Vegas and the office com- 
putation made, it was found that the new value obtained for a bench 
mark at Las Vegas agreed with the elevation of this same bench 
mark, as determined by previous precise leveling, within a very few 
millimeters. While this must be considered as largely accidental, 
at the same time it was anticipated that the connection would give 
an elevation for Las Ve^as bench mark which would agree within 
several inches of the previous elevation. 

Early in March, 1916, leveling was begun on a line across Florida 
connecting the permanent tide gauges at Cedar Keys, St. Augustine, 
and Fernandina. The primary object of this leveling was to deter- 
mine whether or not the mean sea level of the Atlantic and that of 
the Gulf of Mexico are in the same eauipotential surface. This 
work was completed before the end of the year. The preliminary 
results indicate that the Gulf level is slightly higher than the At- 
lantic, but the final computations h'ave not yet been made. 

At the close of the fiscal year a line of levels was being extended 
from Baldwin, Fla., to Atlanta, Ga. This new line, which it is ex- 
pected will be continued westward from Atlanta to Birmingham, 
will then be carried southward through Mobile to Biloxi. At the 
last-mentioned place mean sea level has been determined by a long 
series of observations 

In the earl^ part of the fiscal year a line of precise levels was run 
from the vicinity of Huntley, Mont., northeastward through Glen- 
dive to Snowden, a point on the Great Northern Railway, where a 
connection was made with the precise leveling line which had been 
carried alon^ that railroad in a previous year. 

The usual connections were made with bench marks of the 
Geolo^cal Survey and those established by the railroad and other 
orgamzations. 

The statistics of the leveling parties show that the rate of progress 
was more than 100 miles per month. Previous to the use of motor 
cars the monthly progress was about 67 miles. When the motor cars 
came into use in 1911 the rate of progress per month was increased 
to slightly more than 80 miles. The increase to more than 100 miles 
per month is due in large part to better organization and management 
of the parties. 

In April, 1916, work was begun on lines of precise leveling in the 
States of Indiana and Michigan which had been asked for by the 
United States Geological Survey. At the end of the fiscal year the 
levels had been completed between Terre Haute and Lawrenceburg, 
Ind. A second line had been extended for a considerable distance 
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north of Indianapolis, and progress had been made on a^line to the 
eastward of Chicago. 

In June, 1916, work was begun in Maine on a line of precise level- 
ing which will extend across &e State from Boundary to Vanceboro. 
This line is being run primarily to connect that part of the precise 
leveling net of Canada which is in New Brunswick to the eastward of 
Maine with the part in Quebec to the westward of Maine. This line 
uf levels across the State of Maine will greatly strengthen the eastern 
portion of the network of precise leveling in Canaoa, which supple- 
ments and strengthens the leveling net of the United States ne&r 
the boundary. 

During the first half of the fiscal year gravity stations were estab- 
lishe<l by two parties in the States of Michigan, Minnesota, North 
and South Dakota, Montana, Wyoming. Nebraska, Virginia, Dela- 
ware, Maryland, and Pennsylvania. Tne observations were made 
with the Mendeuiiali half-second pendulums, which have been in use 
in Jill of the recent work of the Coast and Geodetic Survey. The 
stations were selected with the view of furnishing data for use in in- 
vestigations of the variations in density of the materials in the outer 
portions of the earth. 

In July and August, liUO, determinations wer^ made of the differ- 
ences of longitude between Omaha, Nebr., and Minneapolis, Minn., 
and between the latter place and Warroad, Minn. 

In the autumn of 1915 a determination was made of the difference 
in longitu<le between the oljsi*rvatory at the ollice of the Coast and 
Geodetic Survey in Washington and the ol»servatorv of the Bausch 
& I-/omb Optical Co. in Kochester, N. Y. The exchange of signals 
was made over the wires of the Western Union Telegraph Co., which 
were placed at the dis])osal of the observers. The instruments used 
in the Avork were equipped with the transit micrometer and no ex- 
change of oi)servers was necessary. An astronomic latitude was 
after\var<ls determined at Rochester. The field expenses of this work 
were |)aid for by the Bauseh & Lonib Optical C!^o., the Survey fur- 
nishing the observers and instruments, as the reMilts are of value to 
the public. 

In March and April, llUt>, the astronomic latitudes of two monu- 
ments on the Tcnnes.^ee- Kentucky boundary between the towns of 
Hickman, Ky., and Union ('ity, Tenn., were deterniined. These de- 
terminations of latitude were made in compliance with a ivquest of 
the local authorities in order to s<*ttle the (luestion of the location of 
the boundarv between thost? States. 

OFFICE WORK, 

The oHice work of the division of geodesy includes the computa- 
tion and reduction of observations made by tiie parties in the field 
engajL^ed in triangulation, leveling, astronomii- and gravity work; 
the discussion and preparation for publication of the results obtained 
for the benefit of the (xovernment and the public; the pivparation of 
plans and instructions for the geodetic work; and other incidental 
duties growing out of these principal ones. 

Among the important pieces of work which were in progress 
during the fiscal year were the computation and adjustment of the 
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triangulation on the arc between Memphis, Tenn., and Huntsville, 
Ala. ; the triangulation which controls the surveys of the Marvland 
Shell Fish Commission; the triangulation along the coast of Maine; 
on Core and Bogiie Sounds, N. C. ; along the coast of Louisiana ; in 
vicinity of Lake Washington and Seattle, Wash.; between Troy, 
X. Y., and Lake Champlam ; along the Patapsco River, and in Bal- 
timore, Md.; also the computation and adjustment of lines of pre- 
cise leveling for the lines from Huntley to Snowden, Mont.; from 
Blaine to Seattle, Wash.; and from Reno to Las Vegas, Nev., in- 
eluding a spur line from Tonopah Junction, Nev., to Laws, Cal. 

Other work in progress during the year was the computation and 
adjustment of latitude and gravity observations at stations in the 
United States, the computation of the effect of topography and 
isostatic compensation at a number of gravity stations, the prepara- 
tion for publication of the results of the investigation of the effect 
of topography and isostatic compensation on the intensity of gravity, 
and the preparation for publication of the results of leveling from 
Reno to Las Vegas, Nev. 

The following publications relating to geodetic work were re- 
ceived from the printer during the year : Application of the Theory 
of Least Squares to the Adjustment of Triangulation (Special Pub- 
lication No. 28) ; Triangulation in West Virginia^ Ohio, Kentucky, 
Indiana, Illinois, and Missouri (Special Publication No. 30) ; Tri- 
angulation Along the Columbia River and the Coasts of Oregon and 
Northern California (Special Publication No. 31) ; and Determina- 
tion of the Difference in Longitude Between Each Two of the Sta- 
tions Washington, Cambridge, and Far Rockaway (Special Pub- 
lication No. 35). 

DIVISION OF TERRESTRIAL MAGNETISIL 

FIELD WORK. 

Until October 15, 1915, the field work of terrestrial magnetism was 
under the direction of the inspector of magnetic work and the office 
work under the direction of the chief of the division of terrestrial 
magnetism, both positions being held by the same person. After that 
date the position of inspector of magnetic work was abolished and 
both field and office work were placed under the direction of the chief 
of the division of terrestrial magnetism. 

Except for two visits of inspection to the Cheltenham magnetic 
observatory, the duties of the cnief of division have been performed 
at Washington. They include the preparation of plans, estimates, 
and instructions for the field work; the inspection of the records as 
they are received; recommendations regarding the purchase, con- 
struction, and repair of instruments and the construction and altera- 
tion of observatory buildings; supervision of the office computations 
and preparation of results for publication ; and discussion of results. 

The following table shows the localities at which observations were 
made: 



60 BEPOST OF SUPEBINTENDBNT, C0A8T AKD GEODETIC 8X7BVST. 



DzsTsiBUTTOir Of Stations. 



8Ut«. 


NefWfUtlona. 


Repeat 
fltatkiia. 


N«w 

■tattan 

in old 

locailty. 


ToiriL 


Primarj. 


AnzIUarj. 


Alabama 


17 


a 


1 
3 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
1 
3 
5 
1 
1 
1 


i' 

I 

i" 

4 
1 

8* 

1 
1 


a 


Arizona 


3 


Arkansa.1 

Colomdo 

Coon'icticut 


2 
8 


5 


1 


Florida 

Georgia 

Illinois 

Inaiana 

lowfi 

Kiin«i*)i 


3 
6 

e 

4 

5 

5 

7f 

2 


i' 

4 


4 

7 
1 
• 
• 

t 


Kfntnoky 


12 
8* 

s" 

15 

1 


u 


LoiiL«(i:ina 

Maine 

M^ryinnfl 


i 

H 

1 


M:unarhusert.s 


7 
10 

2 
3 


IB 


Miohipin 


• 


Minn<^*«9fj^ r 


1 


MijiHls*:il)pl 


4 


Miasourl 


11 


3 


15 




14 
6 




::::::::.:i 


14 


Nebraska 


3 
4 


2 

1 


1 

i* 

i' 


12 




3 


New Mexico 


U 


12 


New York 




3 
3 
2 
2 


3 


North rarolma 


i 


7 


North Dakota 


15 
11 
15 


17 


Ohio 


14 


2 

1 


m 




u 


Rhod^ Island 




2 

1 
1 


3 




3 
3 
5 
4 


3* 


4 


Teones.see 


7 
5 


Utah 


h' 


1 
5 
1 
1 
2 


3* 

t 


6 

13 


West Virpinia 


18 

i 


a 






3 


Wyoming 


8 




1 


11 






1 




Total 


250 87 


60 


31 


437 






1 





In the continuation of tlie magnetic siirvev of the United States, 
observations for the determination of the three magnetic elements 
were made at 427 stations, of which 250 were new primary statiqos, 
87 were auxiliary stations for the investigation of regions of local 
disturbance, 59 were repeat stations for the determination of the 
secular change, and 31 were new stations in old localities. At the 
request of the local authorities meridian lines were established at 
20 places in connection with the magnetic work. The magnetic 
survey of the forty-ninth parallel, Canadian boundary, which was 
suspended in July, 1915, because of an accident to the observer, was 
resumed in May, 1916, and had been nearly completed at the end of 
the fiscal year. The three magnetic elements nave now been deter- 
mined at intervals of about 30 miles from the Lake of the Woods to 
the Pacific, the part west of the Rocky Mountains having been done 
in 1905. Last year it was reported that observations had been made 
at all but 331 of the county seats in the United States. During the 
past year this number has been reduced to 240. 

Observations were also made (declination only, in most cases) 
at a number of places in Alaska and the Philippine Islands in con- 
nection with other branches of the work of the ourvey. 

The observations at sea were^ for various reasons, confined to 
those needed for the det«rminati(xi of the deviations of the sihipa' 
compasBeB. 
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OBSERVATORY WORK. 

The magnetic observatories at Cheltenham, Md., Vieques, P. R., 
Tucson, Ariz., Sitka, Alaska, and near Honolulu, Hawaii, were in 
operation throughout the year. Continuous records were secured 
01 the variations in declination, horizontal intensity, and vertical 
intensity by means of magnetographs recording photographically. 
Absolute observations were made at least once a week and scale value 
determinations once a month. Daily meteorological observations 
were made, and the results of those at Tucson were transmitted to the 
Weather Bureau office at Phoenix and of those at the Honolulu ob- 
servatory to the Weather Bureau office at Honolulu. A seismograph 
was kept in continuous operation at each observatory, and about the 
usual number of earthquakes were recorded. 

All of the magnetic instruments used in the field work were stand- 
ardized at Cheltenham. Two sets of these instruments were com- 
pared also at Tucson. Magnetometers were standardized at Chelten- 
ham for the United States Navy and for the University of Texas. 

OBSERVATORY BUILDINGS. 

At Cheltenham a considerable portion of the sills and posts of 
the buildings required renewal because of decay. Cement was sub- 
stituted for wood wherever possible. At Vieques the insulation of 
the variation building was increased by the addition of a 4-inch 
thickness of sawdust, which is expected to reduce materially the 
daily range of temperature inside. 

At Sitka the condition of the rented building used as office and 
quarters for the observer had become so bad that some change became 
imperative. A small Government reservation laiown as the Tew 
House Lot was secured by transfer from the Treasury Department, 
and arrangements were made for the erection of an office building on 
the lot in accordance with the plans secured in the previous year. 
The foundation was laid and much of the building material* was 
purchased near the end of the fiscal year, in order to divide the ex- 
pense of the building between two fiscal years. 

With the completion of this building there will be a building for 
office and quarters for the observer at each of the observatories ex- 
cept Cheltenham. The erection of such a building at Cheltenham is 
recommended. The present combination of office and absolute observ- 
atory in one building is unsatisfactory because of the necessity of 
guarding against the effect upon the absolute instruments of magnetic 
material in the office. The character of the observatory work is such 
that it is important to have the observer live so near that he can 
readily make an inspection of the buildings and instruments at ajiy 
time of the day or night. At the present time there are only two 
rented houses m Cheltenham, and they are about a mile from the 
observatory. Conditicms might easily arise which would compel the 
observer to go still farther away for'suitable accommodations, prob- 
ably to some village farthei* down the railroad. 

The decision to begin the erection of an office building at Sitka 
made it necessary to curtail the field work somewhat during the year, 
and in consequence the assignments of magnetic observers to office 
duty were for longer periods than usual, amounting in the Q.^^vt*^*^'^ 
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to about 15 months for one man.^ With this assistance from the mag- 
netic observers it was possible, in addition to keeping the reduction 
and publication of field and ooservatory work up to date, to under- 
take the special investi^tion of "ma^etic activity^' for 1915, as re- 
quested by the International Commission for Terrestrial Magnetism. 

OFFICE WORK. 

Office revision was made of the ol)servations at the field stations 
and of the standardization observations at Cheltenham, Tucson^ and 
Honolulu. 

The reduction of the observations made at the five magnetic obser- 
vatories during 1913 and 1914 was completed and the results were 
prepared for publication. 

The reduction of the observations made at Cheltenham in 1913 was 
begun. 

The results of the special observations made at the magnetic obser- 
vatories at the time of tlie solar eclipse of Aimist 21 were prepored 
for publication in the Journal of Terrestrial Magnetism. 

The following were prepared for publication and the proof was 
read: 

Serial No. 18. Distribution of the Magnetic Declination in the United States 
for January 1, 1915, with isogonic chart and secular change tables. (Special 
Publication No. 33.) 

Serial No. 30. Results of Observations Made at the Cheltenham Magnetic 
Observatory in 1913 and 1914. 

Serial No. 21. Results of Observatioas Made at the Honolulu Magnetic Ob- 
servatory in 1913 and 1914. 

Serial No. 23. Results of Observations Made at the Tucson Magnetic Observa- 
tory In 1913 and 1914. 

Serial No. 27. Rojsults of Observations Made at the Sitka Magnetic Observa- 
tory in 1913 and 1914. 

Serial No. 33. Results of Observations Made at the Porto Rico Magnetic Ob- 
servatory in 1913 and 1914. 

Serial No. 3(>. Results of MaKnotio Observations Made by the U. S. Ckmst and 
GcHHletic Survey in 1915. (Si)Coial Publication No. 30.) 

(Tood progress was made in the preparation of a publication to be 
entitled " Magnetic tables and magnetic charts for 1915," the tables 
to contain the latest values of declination, dip, and horizontal inten- 
sity for all places in the United States and adjacent foreign countries 
at which magnetic observations have been made up to the end of 
1915, together with corresponding reduced values for January 1, 
1915, and the charts to show the distribution of the declination, dip. 
horizontal intensity, vertical intensity, and total intensity for that 
epoch. The values have all been reduced to 1915, and the lines showing 
the distribution and annual change of declination, dip, and liorizontal 
intensity have been drawn. A new discussion has been made of the 
secular change of dip and horizontal intensity between 1870 and 
1915, tables have been prepared for reducing the observations to the 
common epoch, and the secular change data have been prepared for 
publication. 

The earthquakes recorded by the seismographs at the five magnetic 
observatories have been tabulated promptly, and the results have beeoi 
submitted for publication in the Monthly Weather Ke\ iew and trans- 
mitted to the International Seismological Association and others 
engaged in a comparative study of earthquake data. 
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At the request of the International Commission for Terrestrial 
Maj^etism a computation was made to determine the magnetic 
activity of each day of 1916 from the records of the Cheltenham 
magnetic observatory, using the method proposed by the late Dr. 
Bidlingmaier. 

Data for specified days in 1913 and 1914 were prepared for Dr. L. 
A. Bauer for use in his mvestigation of a possible connection between 
terrestrial ma^etism and solar activity. 

A table giving the values of the magnetic declination at numerous 
places in the United States was prepared for insertion in the World 
Almanac. 

A card system has been adopted for filing the results of observa- 
tions at field stations. Eesults obtained since January, 1916, are 
being entered directly on the cards, and the system will be extended 
to the older observations as soon as there is opportunity. The mag- 
netic stations, heretofore shown on the maps of a Cram atlas, have 
been marked on a set of backed post-route maps, so that one may 
see at a glance the progress of the magnetic survey in any par- 
ticular locality. It is expected that the card-filing system, in con- 
junction with these maps, will add materially to the efficiency of the 
division. 

Magnetic information was supplied for 104 charts. 

PUBLICATIONS. 

The following publications were received from the printer during 
the fiscal year 1916: 

Serial 6. General Instructions for Field Work of U. S. Coast and Geodetic 
Survey, 1915. (Special Publication 26.) 176 p., 27 il. 12mo. 

Serial 7. Latitude Observations with Photographic-Zenith Tube at Gaithers- 
burg, Md.; by Franlc E. Ross, Ph. D. (Special Publication 27.) 127 p., 18 
II. 4to. 

Serial 9. Application of Theory of Least Squares to Adjustment of Primary 
Triangulatlon ; by Oscar S. Adams. (Special Publication 28.) 220 p., 9 fig. 
8vo. 

Serial 12. Supplement to Third Edition of U. S. Coast Pilot, Atlantic Coast : 
Part VIII, Gulf of Mexico from Key West to Rio Grande. June 12. 1915. 
18 1. 8vo. 

Serial 13. Wire-drag Work on Atlantic Coast ; by N. H. Heck and Jean H. 
Hawley. (Special Publication 29.) 24 p., 8 11. 4to. 

Serial 14. Triangulatlon in West Virginia, Ohio, Kentucky, Indiana, Illinois, 
and Missouri; by A. L, Baldwin. (Special Publication 30.) 67 p., 12 II. 4to. 

Serial 15. Triangulatlon Along Columbia River and Coasts of Oregon and 
Northern California; by C. A.. Mourhess. (Special Publication 31.) 149 p., 
45 II. 4to. 

Sorlal 16. Description of U. S. Oast and Geodetic Survey Tide-Predict I ng 
Machine No. 2. (Special Publication 32.) 35 p., 15 pi. 8vo. . 

Serial 17. Supplement to Fourth Edition of U. S. Coast PUot, Atlantic Coast : 
il*art VI, Chesapeake Bay and Tributaries. 13 1. 8vo. 

j Sorlal 18. Distribution of Magnetic Declination In United States for Jan. 1, 
1915 ; by Daniel L. Hazard. (Special Publication 33.) 16 p., 1 map. 8vo. 

Serial 10. Results of Observations Made at U. S. Coast and Oeoiletlc Survey 
Magnetic Observatory at Cheltenham, Md., 1913 and 1914 ; by Daniel L. Hazard. 
98 p., 16 fig. 4to. 

Serial 20. Supplement to U. S. Coast Pilot, Atlantic Ck)ast : Parts I-II, Sec- 
tion D, Cape Henry to Key West. Sept. 25, 1915. 18 1. 8vo. 

Serial 21. Results of Observations Made at U. S. Coast and fJeodetlc Survey 
Magnetic Observatory at Honolulu, Hawaii, 1913 and 1914; by Daniel L. Hazard. 
105 p., 8 pi. 4to. 
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Serial 22. Lenfsths. In Statute Miles, of General Coast Line and Tidal Short 
Line i>f United States and Outlying Terrlturles. November, 1915. 8 p. 8Ta 

Serial 23. Kesults of Observations Made at U. S. Coast and Geodetic Sarv^ 
Mafriiftic Obs(>rvutnry Near Tucsfjn, Ariz., 1918 and 1914. 102 p., 16 fig- 4ta 

Serial 24. Wire-Drag Wurk in Alaska ; by L. O. Colbert and John A. Daniel*. 
(SiK-tial rubllcatloii 34.) 31 p., 2 maps. 15 text fig. 8vo. 

Serial 25. Supplement to U. S. C(»ast Pilot, Atlantic Coast: Parts I-II, New 
Y<»rk to ClM'sa|K?ake Bay Entranoo. Jan. 7, 1916. 18 1. 8vo. 

Serial 2G. Supplement to Third Kdition of U. S. Coast Pilot, AtlanUc Ooast: 
Part VIII, Gulf of Mexico from Key West to Kio Grande. Jan. 15, 19ia 
IS 1. 8vo. 

Serial 27. Uc^ults of Observations Made at U. S. Coast and Geodetic Surv^ 
Ma^fiietie Observatory at Sitka, Alaska, 1913 and 1914. 100 p., 17 fig. 4to. 

Serial 28. Exiilanatlon of Dates on U. S. Coast and Geodetic Surrey Cham. 
Jan. 21. 1910. 2 p. 8vo. 

Serial 20. Determination of Difference In Longitude Between Each Two of 
Stations Washington, Cambridge, and Far Roclcaway; by O. B. French and 
Fremont Morse. (Speriai Publicati(»n 35.) 40 p., 8 fig. 8vo. 

Serial 30. Tide Tables for Kuskokwini Ray and River, Alaska. 2 p. 8va 

Serial 31. Supplement to Coast Pilot, Paeitic Coast: California, Oregon, and 
WashiuKton. 18 1. Svo. 

Serial 34. U. S. C(»ast Pilot, Alaska : Part II, Yakutat Bay to Arctic Ocean. 
1st Hi. 3l>3 p. Svo. 

Serial 35. Supplement to U. S. Coast Pilot. Atlantic Coast: Part III, from 
CaiK» Ann to Point Judith. Mar. 31. 1916. 13 1. Svo. 

Serial 37. Military and Naval Service of U. S. Coast Survey, 1861-1865. 
(Special Publication 37.) 72 p. Svo. 

Serial 38. Supplement to U. S. Coast Pilot, Atlantic Coast: Parts I-II, St 
Croix River to Cai>e Ann. Mar. 17, 1916. 13 1. Svo. 

Serial 39. Tidal (^irrents. Pacific Coast, for Year 1916. 11 p. Svo. 

Serial 40. Tidal Currents, Atlantic Coast for Year 1916. 28 p. Svo, 

Serial 41. Supplement to Fifth F^lition of U. S. Coast Pilot, Pacific CkMSt. 
Alaska: Part I, from Dixon Entrance to Yakutat Ray. Apr. 28, 1916. 34 

1. Svo. 

Serial 4(1. Supplement to U. S. Coa.st and Oetidc^tic Survey Catalogue of 
Charts, Cniist lMl(»ts, and Tide Tables. 191G. May 9, 1916. 5 p. 4to. 

Plane Table Manual. [Reprint with corrc*ctioiis of Appendix 7, Annual Re- 
port for VMTi]. 54 p., 37 II. 4to. 

Atlantic Coast IMlot : Part V, New York to Chesapeake Bay Entrance. [Re- 
print.! 161) p., 9 il. Svo. 

Atlantic Coast Pilot : I'art VI, Chesapeake Ray and Tributaries. [R^rint] 
162 p., 7 il. Svo. 

Cytalo^ut* of Charts. Coast Pilots, and Tide Tables, 1916. 231 p.. 88 IL 4ta 

Catalojfue of Charts, Sailing Directions, ami Tide Tables of Philippine Is- 
lands. I Reprinted from General Catalogue.] 53 p., 23 11. 4to. 

Annual Rejwrt of Superintendent, U. S. Coast and Geodetic Sunreyt 1W5. 
156 p., 20 map.s, 3 pi. Svo. 

APPROPRIATIONS AND DISBURSEMENTS. 

The appropriation made by Congress in the sundry civil act for 
the United States Coast and Geodetic Siirvev for the fiscal year ended 
June 30, 1910, was $1,365,520, divided as follows: 

Field expenses $355, 400 

Repairs and maintenance of ve.;sels 40,000 

Oflicer.s and men, ve.s.sels__ 252,200 

Pay of held officers 174,600 

Pay of office force 204,420 

Two new vessels 289,000 

Office expenses 50,000 

Total 1,868^ 
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For the fiscal year ending June 30, 1917, the total amount appro- 
priated is $1,227,140 and the items of appropriation are as follows: 

Field expenses $425, 320 

Repairs and maintenance of vessels 56, 000 

Officers and men, vessels 285,000 

Pay of field officers 184,900 

Pay of office force 213,420 

Office expenses 62, 500 

Total _' 1,227,140 

The statement of disbursements required by law to be made an- 
nually to Congress and published as a separate document gives an 
account of the names and number of employees of diflPerent classes, 
the amount of their salary or compensation, the length of time em- 
ployed, to whom payments were made under the different items of 
appropriation and on what account, and the balances remaining of 
the amounts appropriated for the fiscal year. 

SURVEYS REQUESTED. 

_ # 

The following requests for surveys were received during the yeai- 
and most of them have been completed or are in progress: 

Massachusetts : Wire-drag work in vicinity of Plymouth requested 
by Charles C. Doten, harbor engineer of Plymouth; verification and 
marking of trial course for submarines' in Cape Cod Bay, requested 
by Navy Department. 

New York: Resurvey of Hudson River, re(juested by United 
States Engineer Office at New York; determination of longitude of 
observatory of Bausch & Lomb Optical Co., at Rochester, requested 
by Bausch & L#omb Optical Co. 

New Jersey: Line of levels from Cape May to Sandy Hook and 
from Delaware Bay to Camden, Trenton, etc., requested by governor 
of New Jersey. 

Maryland: Determination of triangulation points on Baltimore 
Harbor, requested by United States Engineer Office and by the 
Topographic Survey Commission of the City of Baltimore. 

North Carolina: Revision of survey of eastern shore of Pamlico 
Sound in vicinity of Ocracoke Inlet, requested by Bureau of Light- 
houses. 

South Carolina: Resurvey of channel on the bar at entrance to 
Port Royal, requested by the Hydrographic Office. Navy Department. 

California: Resurvey of San Diego Bay, requested by mayor of 
San Diego and the Cabrillo Commercial Club; survey of Monterey 
Harbor, requested by Chamber of Commerce of Monterey. . 

Oregon : Determination by triangulation^ and marking of points 
for identification, requested by Forest Service. 

Oregon and Nevada: Extension of triangulation in these States 
requested by Pacific Power & Light Co. 

Washington : Survey of Port Gamble, requested by United States 
Engineer Office. 

New Hampshire: Determination of meridian line at Spofford, re- 
quested by Fred. E. Kilbum. 

Kentucky and Tennessee: Determination of latitude of points on 
boundary between Kentucky and Tennessee, requested by Hon, Ollie 
M. James, United States Senator, and others* 

«4e45**^3 
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Indiana : Precise levels i*equested by city enfi:ineer of Indianapolis. 

Indiana and Michigan: Extension of line of precise levels in those 
States, requested by United States Geological Survey. 

Alaska : Survev of area southward of the entrance to Cross Sound, 
requested by the manager of the Deep Sea Salmon Co.; survey of 
channel into Whale Bay, requested by A. K. Foss, Ketchikan ; survey 
of Port Moller, requested by Pacific American Fisheries Co. 

SPECIAL DUTY. 

INTERNATIONAL GEODETIC ASSOCIATION. 

The Superintendent has continued to supervise the operations of 
the observatory maintained by the International Geodetic Association 
at Ukiah, Cal. 

The urgent deficiency act for 191G appropriated $2,500 for con- 
tinuing work at the Ukinh station if lack of funds for the association 
during the f^uropean war should threaten a break in the series of 
observations. This act also provided $^5,000 with wliich to pay the 
subscription of the United States to the International (leodetic Asso- 
ciation for the years 191;") and 1916. The consular and diplomatic 
act for 1917 contained an item of $1,500 for the same purpose for the 
fiscal year 1917 and a proviso reading as follows: 

Tho duly iipixiiiiteil represofitatlve of the UnltcHl States on the Permanent 
Commission of the Internntional Geotletic Association is hereby granted au- 
thority to vote with the representatives on the permanent commission from 
other nations on all matters coming before the association, including the exten- 
sion of Its existence, subject to the approval of Congress. 

The representative of tlie United States on the Permanent Commis- 
sion of the International (Jeodetic Association is William Bowie. 
chief of the division of geodesy of the United States Coast and Geo- 
detic Survey. 

VERIFICATION OF SPEED TRIAL C'Ol^RSE FOR SUBMARINES IN CAFE COD 

BAY. 

In August, 1915, at the request of the Navy Department, an officer 
of the Survey verified and marked a speed trial course for submarines 
in Cape Cod Bay, Mass. 

CURRENT OBSERVATIONS IN CAPE COD CANAL. 

In December, 1915, at the request of the chief engineer of the 
Cape Cod Construction Co. and with the coopei-ation of that com- 
pany a series of current observations were made by an officer of the 
Survey in the Cape Cod Canal. 

MISSISSIPPI RIVER COMMISSION. 

An officer of the Survey in addition to other duties has continued 
to serve as a member of the Mississippi River Commission. 

DETERMINATION OF LATTTUDE AND LONGITUDE AT ROCHESTER, N. T. 

In November, 1915, at the request of the Bausch & Lomb Optical 
Co., JRochester, N. Y., a determination was made by officers of the 
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Survey of the longitude of the observatory of that company at 
Rochester, N. Y. In June, 1916, the latitude of that observatory was 
determined. 

DETERMINATION OF THE ELEVATION OF TWO POINTS IN THE DISTRICT 

OF COLUMBIA. 

In June, 1916, at the renue^st of the Navy Department, the eleva- 
tions of two points at the Navy Yard, Washington, D. C, were de- 
termined by leveling. 

DETERMINATION OF LATITUDE ON THE KENTUCKY-TENNESSEE 

BOUNDARY. 

In March and April, 1916, at the request of the State authorities, 
a determination was made of the latitude of two points on the bound- 
ary between Kentucky and Tennessee by an officer of the Survey. 

EXHIBIT OF THE COAST AND GEODETir SURVEY AT THE PANAMA-PACIFIC 

EXPOSITION. 

An officer of the Coast and Geodetic Survey was in charge of the 
exhibit illustrating the work of the Survey at the Panama-Pacific 
International Exposition held at San Francisco, Cal. 

SURVEY OF MILITARY RESERVATIONS AT ORCA INLET, ALASKA. 

At the request of the War Department, a topographic survey of 
the military reservations at the head of Orca Inlet, Alaska, was 
begun by an officer of the Survey in June, 1916. 

CELEBRATION OF THE CENTENNIAL OF THE UNITED STATES COAST AND 
GEODETIC SURVEY, AND EXHIBIT IN CONNECTION THEREWITH, HELD 
AT THE UNITED STATES NATIONAL MUSEUM. 

Exercises in commemoration of the centennial anniversarv of the 
United States Coast and Geodetic Survey were held in the audi- 
torium of the United States National Museum on the afternoon of 
April 5 and from 10 a. m. to 6 p. m., April 6, when the work of the 
Survey during the past 100 years was discussed by distinguished per- 
sons not connected with the Bureau. From April 5 to April 10, 
1910, an exhibit illustrative of the history and progress of the work 
of the United States Coast and Geodetic Survey was made at the 
United States National Museum in connection with the celebration. 

EXHIBIT OF THE 00A8T AND GEODETIC SURVEY AT MEETING OF THE 

UNITED STATES CHAMBER OF COMMERCE. 

In February, 1916, the Coast and (Jeodetic Survey took part in 
an exhibit showing the activities of the bureaus of the Department 
of Commerce in relation to commerce and industry, which was open 
during the meeting in Washington, D. C, of the Chamber of Com- 
merce of the Unitra States. 
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EXHIBIT AT THE NATIONAL MOTOB BOAT SHOW, NEW YORK. 

An exhibit was made of the charts and publications of the Survey 
at the National Motor Boat Show held at the Grand Central Palace, 
New York City, from January 29 to February 5, 1916. 

EXHIBIT OF THE COAST AND C.EODETIC SURVKY AT THE FI8H FAIR AT 

EASTPORT, ME. 

An exhibit of the charts, coast pilots, and other publications of the 
Coast and Geodetic Survey and of publications of other bureaus of 
the Department of Commerce was made at the Fish Fair held at East- 
port, Me., on December 2'2, 1915. 

EXHIBIT OF THE COAST AND GEODETIC SURVEY AT THE " SAFETY-FlRflT" 

EXPOSITION. 

An exhibit illustrating the work of the Coast and Geodetic Survey 
with especial reference to the construction of nautical chai*ts was 
made in connection with the "Safety-First" Fixposition held in the 
United States National Museum, Washington, D. C, during the week 
beginning February 21, 1916. 

DETAILS OF FIELD OPERATIONS. 

Atlantic Coast. 

massachusetts and rhode island. 

[N. H. Heck.] 

Summary of results. — ^Trianpiilatlon : 20.5 square miles of nren covered, 11 
stations in supplemental scheme ocrupletl for Iiorizontnl measures, 27 geographic 
positions determineil. Topojrraphy : 21 miles of general coast line run (chart 
revision). Hydrography: 124.5 s(|uare miles of area draggetl. 365 miles run 
while dragging, 24.366 angles measured, 774 soundings made, 4 tide stations 
occupied, 2 hydrograpldc sheets finished and 3 partly finished, scales 1:25,000, 
1 : 20,000, and 1 : 10.000. 

Wire-drag work in Boston Bay was in progress at the beginning of 
the fiscal year. Tlie gieatcr part of the open area included in this 
work had then been completed, and from July 1 to October 1, the date 
on which the operations in the field in this locality were concluded, the 
work was in shoal water, and uncharted shoals or depths less than 
charted were found on practically every working day. 

The weather and atmospheric conditions during the season were 
unusually favorable. 

The nature of the bottom in the area dragged was such as to make 
progress comparatively slow. P2ighty per cent of the area covered 
either was of less than the maximum depth to be verified (48 feet at 
mean low water) or else of such a character that a portion of the drag 
had to be set at less than the maximum depth. Over much of the area 
the depths were moderate and the bottom was flat but rocky with 
small projections extending only slightly above the general bottom. 
The remainder of the area was covered with fairly deep watei* with 
pinnacles or ridges. 
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The number of retained soundings indicating rocks or shoals found 
was high, averaging for several months five to six per square mile, 
with an average of three per square mile for the entire season. 

Currents were generally found to be moderate so that favorable 
conditions for the drag work could usually be selected. In the 
vicinity of Boston Light Vessel and off Minots Ledge Light the 
directions were frequently opposite to what was expectea. 

The range of tide, averaging 9 feet and at the extreme 13 feet, 
made it necessary to use constant care to keep the drag depth correct. 
The observed tiaes were found to agree closely with the predictions. 
The rolls of the automatic tide gauge maintained by the Metropolitan 
Water and Sewerage Board were used, and these were found to agree 
closely with those obtained at Scituate and Plymouth. 

The working grounds were exposed to sea and swell, especially 
from the eastward. The area is very little broken up by islands, 
projecting ledges, or buoys. The principal obstruction was due to 
lobster pots. The usual notices to men engaged in the lobster indus- 
try were posted in a number of places. Dragging was done only as 
announced, and as a result there was comparatively little interference 
with the work. 

Little time is lost in buoying sections to be dragged. The buovs 
used are long bamboo poles with flag. A can is attached to the pole^ 
which is moored with a light rope attached to a small rock. 

In the equipment and apparatus an important change was the 
adoption of stranded in ])lace of solid wire. The wire now used is 
only one-eighth inch in diameter, and has a breaking strain of 2,000 
pounds. It is flexible and its w^eight is so small that it is used in 
100- foot sections with floats one-half the size of those formerly used 
every 50 feet. 

Improvements were also made in the small and large buoys. 

In a region such as the approaches to Boston, noninterference with 
navigation is of \atal importance as the drag often extends across 
the approach to the principal channels. During the season a total 
of 131 vessels of all classes, besides numerous power boats, crossed 
the wire, and in only two cases did a passing vessel catch on the drag. 

One day was spent in work with a 24,000-foot drag with four 
laimches of the two wire-drag parties cooperating. This resulted 
in covering 20 square miles in a single day, with a long run to and 
from the working ground. 

A 4,000-foot drag was used for shoal-water work whenever con- 
^ ditions would permit. 

In the latter part of August a subparty was organized to drag the 
remaining area in Buzzards Bay and Quicks Hole. The party began 
work from Cuttyhunk on September 7 and was continued through 
that month. Th'e^ work to be done in Quicks Hole was the more 
important. This is. an important channel in constant use, especially 
by barges, up to 28 feet draft. The current has a maximum of 3^ 
to 4^ knots at strength in the middle of the hole and slack lasts only 
a short while. This made the work extremely difficult. 

A 19-foot and a 20-foot shoal were found on the eastern edge of 
the channel and a greater depth than previously found was taken 
between them and the 16-foot shoal in the center of the channel 
found during the preceding year, giving a clear distance of about 
700 feet. Several days' work was done to tba hoxXJcl ^\ ^^y»5S«a."^^^^ 
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and a ^ood start was made toward finishing the bay. Work was 
suspended at the end of Septenil>er on account of bad weather. 

A reported shoal in Cuttyhunk Harbor was foui\d and developed. 

On October 1 the party left Hull, Mass., for Newport, R. I., arriv- 
ing late that night. 

Work was begun October G in dragging the Eastern Passage of 
Narragansett Bay and continued without interruption until Novem- 
ber 12. 

The conditions in Narragansett Bay were favorable for work, the 
chief interference with the work being from trawl fishermen and 
from the operations of the Navy in testing torpedoes. In a few cases 
buoys marfeing oyster l)eds gave trouble. 

The tidal currents in the bay are strong but regular. The bottom 
conditions arc unusually favorable, the bottom Ixnng either flat and 
muddy or rocky and irrcguhir. 

In addition to covering all of the sheet, the north approach to the 
Bradford coal depot was dragged. The unfinished part of the area 
covered during the urcvious year was completed, and a large numl)er 
of shoals were f(»un(l in proportion to the small area involved. 

A considerable amount of triangulation was done to locate promi- 
nent objects and extensive chart revision was undertaken. New 
wharves were located on the chart and the shore line was examined 
for outlying rocks. 

Two existing tiial-course ranges were verified and permanently 
marked. 

The important results of the season's work may be summarized as 
follows: 

In the approaches to Boston an area of over 50 square miles was 
proved clear from obstructions. 

This included the main approach from sea to all the channels 
except the Narrows and Nantasket Koads. 

Several rocks were found near the sailing line from the Cape Cod 
Canal to Boston, with less water over them than the depth of the 
canal. As determined by the drag survey, vessels approaching Bos- 
ton from Provincetown or other points on C'a|)e Cod Bay will have 
to use care in navigating an extensive area between Minots Ledge 
Light and Boston Light. 

In Buzzards Bay only a small portion of the general unfinished 
area was completed, but Quicks Hole, the important locality, was 
finished. Not only were two dangerous rocks found that affect the 
depth of the channel seriously and narrow it to a width difficidt for 
tows with barges to navigate, but the deepest part of the channel, 
only 700 feet in width, was dragged so as to insure the safety oi 
vessels keeping within it. 

In Narragansett Bay the Eastern Passage up to -the lower end of 
Prudence Island was proved free from obstruction in so far as the 
ordinary demands of navigation are concerned and also for the 
anchorage of the largest vessels of the Navy. A large number of 
shoals were found, but these were chiefly in the vicinity of previously 
charted shoals or the extension of charted ridges. " In the nortK 
approach to Newport, the area partially dragged during the previous 
year, a large number of rocks were found, some being dangerous to 
vessels of small draft. 

A much needed chart revision was made of this locality. 



REPOBT OF SUPERINTENDENT, COAST AND GEODETIC SURVEY 71 

Motion pictures showing all of the wire-drag operations were made 
by expert photographers trom the office when the work at Newport 
was in progress. 

On May 4 preparations were begun for resuming wire-drag work 
along the coast of Massachusetts. 

The work of dragging the doubtful area along the coast between 
Nahant and Cape iGin and of the approaches to Salem. Beverly, 
and Marblehead Harbors was prosecuted continuously irom May 
19 to the end of the fiscal year. 

Every class of area was encountered from conditions requiring :\ 
600-foot drag to those where a 12,000- foot drag was used and where 
even a larger drag might have been used had the equipment been 
available. 

The results indicate the successful use of the long drag, a total 
of 60 square miles having been covered at the end of the f^cal year, 
of which but 20 per cent, or 12 square miles, was shoal water ou 
short-drag work. 

A number of important shoals were found. The appearance of 
the inshore area with its numerous ledges and islands indicates the 
existence of shoals, and the results of the wire-drag work fully bear 
out the indications. An important 17-foot shoal was found in the 
south approach to Salem Harbor, and 20 feet were found in several 

f>laces wliere greater depths were charted. A 24-foot shoal was 
ound in the approach from outside toward the Main Ship Channel 
where 7^ fathoms were charted, and the Main Ship Channel was 
found to l)e much narrower than charted with an effective width of 
not more than 400 feet for deep-draft vessels. Twenty feet instead 
of 7 fathoms were found on the north side of the channel outside the 
buoy. 

Two wrecks were discovered in the deep outside area. The least 
depth over them was not found, but the finding illustrates the effect- 
iveness of the long drag and the need for dragging these areas, 
especially for the use of submarines. 

An important feature of the work of the season was the practical 
elimination of drag failure as a cause of lost time. The new wire, 
fittings, and swivels, all having a strength of about 4,000 pounds, 
have such a margin of safety that the parting of the drag which 
was formerly a daily occurrence has occurred only twice this season, 
once on a sharp rock and once on a wreck. The former time loss 
from this cause represented a very considerable sum — much more 
than the new equipment has cost in excess of the old. 

At the request of the harbor master of Salem, flags were set to 
mark a safe anchorage and safe entrance channel for the battleship 
Vermont to enter Salem Harbor on July 4. These were placed on 
June 30. 

MASSACHUSETTS, NEW YORK, AND NEW JERSEY. 

[Jean H. Hawlet.] 

SuMMABT OF RESULTS. — ^Triangulutlon : 10 square miles of area covered, 1 
sigoal pole erected, 5 stations in main scTieme occupied for horizontal meusures, 
23 gpo^uphic positions determined. Topography: 37 square miles of area 
surveyed, 44 miies of general coast Hne surveyed, 10 miles of roads surveyed, 
1 topographic sheet finished* scale of topographic sheets 1 : 10.000 and 1 : 20.000. 
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Hydrofn*aphy : One-half square mile of aiea covered, 19 miles mn while sonnd- 
inp, 1,187 anp^les measured, 1,409 soundings made, 1 hydrographic sheet finished, 
scale of hydrographlc shwts 1:10 000 and 1:30,000. Wire-drag work: 163.2 
square miles of area covered ; 37C.95 miles run while dragging ; 191 retained 
soundings, 2 hydrographic sheets finished, scales of hydrographic sheets 
1 : 30,000, 1 : 25,000, and 1 : 10,000. 

On July 1, wire-drag party No. 2 was located at Scituate, Mass., 
and operations were being carried on from that base. It was neces- 
sary to devote all of the time available to inshore work and to 
complete as much of this as possible before the lobster season opened 
about the middle of the month. 

Weather conditions were unfavorable during the first part of 
August and no field work could be done until the 10th. The work 
was extended as far to the southward as was practicable from Scitu- 
ate until the 21st, when the party was transferred to Plymouth, Mass. 
From this place the work was carried on until September 24. One 
day's work was done on the adjoining sheet to the north, when wire- 
drag parties Nos. 1 and 2 working in cooperation successfully used 
a drag 24,000 feet in length. 

Numerous shoals were discovered and reported in practically every 
case ; these consisted of single bowlders or piles of bowlders in sand 
or hard mud. 

With few exceptions all dangerous obstructions were found inside 
a 3-mile limit from shore. The remainder of the area from this 
limit out to the 20- fathom curve was proved to be safe for navigation 
to a depth of 48 feet. 

The general directions of the currents were noted. The currents 
were found to increase in velocity southward and to be strongest in 
the vicinity of the shoals near Brant Eock. 

Work was prevented by bad weather on 41 days. 

On September 30 the party was transferred to College Point, N. Y., 
to make a wire-drag examination of East River. 

The locations of objects suitable for controlling the work were 
not available and it was necessary to determine them by trian^la- 
tion. Five stations of the Greater New York triangulation scheme 
were recovered and occupied. Large-scale charts of the vicinity were 
used for boat sheets, and to avoid delays necessary for triangulation 
computations all signals were located on these sheets by plotting in- 
tersecting lines. 

Dragging was begun on October 8 and continued until October 30. 
An area of 1.7 square statute miles covering the main channel from 
Lawrence Point to Whitestone Point was investigated; in this area 
over 20 separate shoals were discovered and reported. In addition 
to this, numerous instances were found where the mud banks along 
the sides of the river had encroached into the main channel. Sev- 
eral wrecks were found, and, while their exact nature was not ascer- 
tained, their locations and distances beneath the surface were deter- 
mined. The most important obstructions were found in the main 
channel between Barretts Point and Rikers Island. Three pinnacle 
rocks, with depths of 20, 21, and 22J feet, respectively, were found 
near mid channel here, and their presence practically closes the chan- 
nel for safe navigation to drafts over 20 feet. The channel has been 
used by vessels with drafts as great as 24 feet, and a 25-foot channel 
is now (December, 1915) being dredged between North and South 
Brother Islands to relieve traffic congestion. 
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In addition to the wire-drag work, several rocks off City Island 
were located and the topography in the vicinity of the work was 
revised. 

In November a subparty made a hydrographic examination in the 
vicinity of Bergen Pomt, Newark Bay, and afterwards a topographic 
revision was made of the west shore of Newark Bay. This work in- 
cludes the location of the new terminal dock at Newark, reclamation 
projects of the Mosquito Elimination Commission of New Jersey, 
and changes in shore line due to corrected location of triangulation 
stations. 

The work at College Point was closed November 9, and that on 
Newark Baj on December 6. 

Preparations for resuming wire-drag work in Cape Cod Bay were 
begun at Plymouth, May 8, 1916. Signals were built and objects 
located by plane table traverse for the control of the work. 

While these preliminary operations were going on a subparty was 
engaged in making a hydrographic examination in the vicinity of the 
shoal marked by buoy 3A in Pollock Rip Slough. A tide staff was 
erected at Monomoy Point and connected by leveling with bench 
marks previously established. Soundings were made on May 13 in 
the vicinitv of buoy No. 3A. Further work in this locality was 
prevented by unfavorable weather. 

Dragging operations in Cape Cod Bay were begun May 19 and 
continued until the close of the fiscal year. 

The work was carried southward from a junction with the work of 
the previous season. Numerous changes in charted depths were dis- 
covered and reported, but no shoals especially dangerous to naviga- 
tion were found. 

Drags from 2,400 to 4,000 feet in length were used in shoal water. 
The maximum length of drag used was 14,400 feet. 

On June 17 a subparty began a topographic and hydrographic 
survey of Plymouth Harbor and vicinity. This work was in prog- 
ress at the end of the fiscal year. 

Tidal data for the wire-drag work were obtained from a gauge at 
Nut Island in Boston Bay. 

The design of the power reel was improved by attaching the brake 
wheel directly to the drum instead of through the shaft. 

A design was also completed for a new reel in which the power is 
transmitted by gears instead of by sprocket chains from a jack-shaft. 

NEW YORK AND NEW JERSEY. 

[Stehman Foknet and E. E. Riosse.] 

Summary of results. — Reconnoissance : 30 square miles of area covered. 
Triangulation (tertiary) : 30 square miles of area covere<l, 5 signal poles erected, 
5 stations In main scheme occupied for horizontal measures. 44 old stations 
recovered. Topography: 37.75 square miles of area surveyed, 81.10 miles of 
shore line of rivers surveyed, 25 miles of shore line of creeks surveyed, 1.58 
miles of shore line of ponds surveyed, 48.75 miles of roads surveyed, 2 topo- 
graphic sheets finished, scale 1 : 10,000. 

At the beginning of the fiscal year the resurvey of Arthur Kill was 
in progress. This work was completed on October 7, and the party 
was transferred to Oyster Bay, Long Island, N. Y., to revise the 
topography of that vicinity. 
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On October 1 the chief of party investigated the cause of sinking 
of the steamer Inahel in the vicinity of the gas buoy off Cows Reel, 
on the Connecticut shore. 

On November 8 triangulation ^vas begiui on the Connecticut shore, 
two well-determined stations l)oin*r occupiedj and the work was car- 
ried across Long Island Sound to Sands Point, connecting with the 
tertiary triangulation in that vicinity. 

Many of the old trianguhition stations and of those recovered in 
recent years were again recovei*ed, and these were re-marked when 
necessary. Upon this triangulation was based the shore-line 
topography. 

The charge of this work was transferred on February 3 to E. £. 
Beese, who closed field operations on February 8. 

NEW JERSEY. 
[K. B. Latham.] 

The work of determining the positions of natural and artificial 
objects on the coasi of New Jersey between Tucker Beach Light and 
Ocean Beach begun in June was in progress at the beginning of the 
fiscal vear. 

Poles 2 by 4 inches in diameter and IG feet long were erected b«- 
tween Little y*fi^, Inlet and Barnegat City. An azimuth and dis- 
tances by telemeter-rod readings were carried between these points, 
using topographic sheets Xos. 1^450 and 2459 from surveys in 1899, 
with the points thereon for control. 

The po?^itions of the poles referred to nnd of all prominent objects 
w^ere determined, as well as their heights. 

The shore at the inlets and at various other points was redeter- 
mined and appears on the sheets. Streets and roads were determined 
when it could be done without loss of time. Fifty-two miles of shore 
line were revised between June 18 and July 10, of which 23 miles 
were covered between July 1 and 10 and L'9 miles prior to that date. 
One hundred and eighty objects, including signal poles, were deter- 
mined in position. 

NEW YORK, KIIODE ISLAND, AND VIROINIA. 

[F. G. Engle, Ck)ininundinff Stoamor llydrographer.] 

SuMMABY OF RKSUT.TS. — Mfipiietlo woi'k ! 1 seu Stilt uni ut whlcli ship was com- 
pletely swung. Topography : 10 inik»s of general itmst line surveyetl. Hydrog- 
raphy : GO square miles of aroa covcriHl, H>45 niili»s run while soundiug, 5,094 
angles measured, 34,1(>3 soumlings made, 1 tide stations established, 5 current 
stations oecupiiHl, 5 hydrogi'aphic- sheets partly revise<l. 

Hydrographic work in the vicinity of Sandy Hook, X. J., which 
was in progress at the close of the last fiscal year was continued 
until July Ao. The work was extended (m the south side of Romer 
Shoal and in the old main channel eastward to the 5-fathom curve 
and southward as far as Navesink Light. 

Besides the hydrography in the vicinity of Sandy Hook a portion 
of the shore line was resurveyed by plane table wliere changes had 
occurred. 

On July 30 the work called for by instructions was completed, and 
on August 30 the vessel proceeded to New London. 
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On August 5 the Hydrographer was anchored about one-half mile 
southwest of Valiant fiock in the Bace, at the eastern end of Lone 
Island Sound, and current observations with weighted pole and 
line were made every half hour, day and night, until noon on August 
7. A secondarv station was established and simultaneous observa- 
tions were maae over two slack waters from a launch, at a point 
one-half mile northeast of Valiant Rock. On August 9 three light- 
houses in the vicinity of the Race, from which slack waters were 
being noted, were visited to check their time and the vessel then 
proceeded to Block Island, R. I., to take up hydrographic and topo- 
graphic work. 

Work in this locality was begun August 10 and continued imtil 
September 1. 

The limits of the hydrographic work were as follows : Inshore of 
the 10-fathom curve from a point 2 miles south of the entrance to 
Great Salt Pond on the west side of the island, northward around 
Sandy Point covering the North Bar Reef, and on the east side from 
Sandy Point to within *2 miles of the old harbor, together with an 
examination of a shoal on the north side of this harbor and addi- 
tional lines in Great Salt Pond to supplement the previous survey. 
The lines were run by the launch and were spaced 100 meters apart. 
Several shoal indications were developed. 

Signals were located by plane table traverse between triangulation 
stations and the adjacent shore line was located. 

Current observations were taken over two slack waters at a station 
near the North Reef gas buoy in about 10 fathoms, and also in the 
dredged channel leading into Great Salt Pond. 

The ship was swung off North Reef for deviation of compass. 

After the completion of this work an examination was made in 
Gardiners Bay of a reported shoal between red spar buoy No. 4 and 
Cedar Island Light, approach to Sag Harbor. This shoal had b€«n 
struck by the steam yacht Kanuwha^ drawing 10 feet, and was re- 
ported as being 150 yards south of the spar buoy No. 4. 

A 1,000-foot wire drag was swept over the position drawing Hi 
feet and grounded on the 11-foot spot shown 150 yards westward oi 
the reported position. Here a sounding of 13 feet was obtained. It 
is probable that this was the shoal strucK by the Kanawha, 

The vessel proceeded to New York on September 2, and thence on 
the 7th for Assateague Anchorage, Va., arriving on the following 
morning. 

A tiae staff was erected and connected by leveling with bench 
marks already established. A hydrographic signal "Smith" was 
erected about 5^ miles north of Assateague Island and sounding was 
begun. Excellent progress w*as made and the work was completed 
on September 29. 

The work at Assateague Island included a resurvey of the anchor- 
age and of Chincoteague Inlet Bar, and the hydrography out to the 
6-fathom curve as far north as to include Chincoteague shoals, 
Turners Lump, and Blackfish Bank. The main system of lines was 
run by the ship and the lines were spaced one-fourth mile apart with 
additional splits and development lines on shoal and channels. Aids 
to navigation within this area were located; Winter Quarter Shoal 
buoy and gas buoy were also located. The shore line of Fishing 
Point, Assateague Point, and Gunboat Point was t«^\«\. \» VjrsXr. 
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changes ^hich had occurred since the previous survey. The most 
impoitant change in depth was noted at the junction of Turners 
Lump and Chincoteague Shoal. 

NEW YORK, NEW JERSEY, PENNSYLVANIA, AND MARYLAND. 

[F. B. T. SlEMS.] 

In the latter part of June an inspection was made of the tide 
gauges at Baltimore, Md.; Philadelpliia, Pa.; Atlantic City, N. J.; 
and Fort Hamilton, N. Y. 

Levels were run connecting the tide gauges with bench marks, and 
the proper adjustment was made to each tide gauge. 

NEW JERSEY, PENNSYLVANIA, DEIJIWARE, MARYLAND, VIRGINIA, NORTH 
CAROLINA, SOUTH CAROLINA, GEORGIA, AND FLORIDA. 

[L. A. POTIEE.] 

Between November 2 and November 20, 1915, a field revision was 
made of Coast Pilot, Section C, from Sandy Hook to Cape Henry. 

The principal cities within the limits of the volume were visited 
and the United States Engineer offices, lighthouse inspectors, and 
local maritime interests were consulted with reference to necessary 
changes or corrections. 

On May 10 a revision was beerun of the Inside Route Pilot from 
New York to Key West, and by June 30 the inside route from Nor- 
folk, Va., to St. Augustine, Fla., had been examined. 

The waterway was covered on local passenger steamers, hired 
launches, and from Charleston to Savannah on a lighthouse tender. 
The United States Engineer uHices and lighthouse district oiHces 
were visited for the purpose of obtaining information as to works of 
construction and improvement and changes in aids to navigation. 

The work was in progress at the close of the fiscal year. 

NEW JERSEY AND VIRGINIA. 

[W. M. Steirnagle, Commanding: Steamer Encl\e,'\ 

Summary of results. — ^Hydrofrraphy : ,34.0 square mlU^ of area covered, 117.8 
miles run while sounding, 478 angles measiire<l. 2.0<M soundlnps made. 1 tide 
station (stablislHHl, 2 current stations n<'(upiixl, 1 liydn»jn*aphle sheet partly 
finished, scales 1 : 20,000 (subplan 1 : 10,000) and 1 : r^O.OOO. 

On com])letion of extensive repairs at Norfolk. Va., the steamer 
Bache sailed August 24 for the coast of New Jersey to continue the 
offshore hydrography. A reconnoissance was made on the way be- 
ginning at Atlantic City and continuing northward. 

On tlie arrival of the vessel at Toinj)kiiisville on August 27 work 
was begun at once on the preparation of the buoys to be used for off- 
shore signals. These buoys^ six in number, were loaned by the light- 
house depot at TompkinsviUe and were afterwards placed in posi- 
tion by a lighthouse tender. 

The buoys were ready for sea on September 3, but unfavorable 
weather prevented the tender from setting them until September 9; 
September 10 and 11 were spent by the Bache in cutting inshore 
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objects northward from Ocean Grove to locate them on the charts and 
for use as shore signals. Objects to be used as signals had previously 
been determined by E. B. Latham from Ocean Grove southward to 
Barnegat Inlet. One signal about 7 miles north of Barnegat was 
erected by the same officer later in the season. 

Owing to delay caused by bad weather and necessary repairs to 
the shirrs boiler the positions of the buoys could not be determined 
until September 23. These buoys were about 11 miles offshore and 
clear weather was needed in observing on them. On October 1 the 
command of the vessel was transferred to Paul C. Whitney. 

While the Bache was at Norfolk, a partjr with a launch made three 
detached local surveys in the vicinity of Newport News. 

By October 1 some inshore hydrography had been done on the 
coast of New Jersey and the buoys had oeen located for use in off- 
shore work. 

NEW JERSEY, VIRGINIA, AND SOUTH CAROLINA. 

[R. F. Luce, Commanding Steamer /*i«.] 

Summary of besults. — Magnetic work : Ship swung for compass deviation at 
3 station. Hydrography : 560 square miles of area covered, (542 miles run while 
sounding, 1,487 angles measured, 8,287 soundings made, 29 stations occupied 
by ship to locate shore and offshore signals, 133 sextant cuts made to locate 
shore and offshore signals, 1 shore object located by angles from ship, 11 off- 
shore buoys and objects located by angles from ship, 1 tide station established, 
26 current stations occupied. 

During the period from August 16 to November 30, 1915, the 
steamer Ida Avas employed in hydrographic surveys off the entrance 
to Chesapeake Bay, V a. ; off the coast of New Jersey near Barnegat 
Lighthouse; and off the South (>arolina coast near Charleston. 

On August 16 the I sis was at Norfolk undergoing necessary repairs. 
In the meanwhile some work had been done in preparing Survey 
buoys and superstructures for the buoys for offshore work, and on 
the completion of the repairs to th*e vessel this work was continued 
and brought to completion. 

On August 20 the Isis left Norfolk for the working ground and 
began hydrographic work off the entrance to Chesapeake Bay, which 
was continued during the remainder of that month. 

Information having been received from the commandant of the 
Norfolk Navy Yard that the naval fleet was to engage in target 
practice during September in the area in which the Isis was engaged 
in hydrography, and it being considered imsafe to continue that 
work while target practice was going on^ the Isia was ordered to 
take up work off Barnegat, N. J., in conjunction with the steamer 
Bache. 

The Isis sailed for New York on September 4, arriving at Tomp- 
kinsville, Staten Island, on the 5th, and from that time until Sep- 
tember 12 was engaged in rigging up a trolley sounding apparatus 
and other apparatus required for offsnore worx off Barnegat. 

Arrangements were made to have the survey buoys which had been 
prepared at Norfolk, Va., brought up and placed by the lighthouse 
tender of the Baltimore district, ana these buoys were dropped on 
September 13. 1915. 

The his left port on that date and began the hydrography, which 
was continued until October IL 



78 BEPOBI OF bUPEBIKTENDENT; COAST AND GEODETIC 8UBYST. 

During this time the patent logs were tested, the ship swunff for 
deviation, and the survey buoys were located in conjunction with the 
hydrography. 

On October 11 it was necessary to suspend operations in order to 
make needed repairs to the boiler, and on the 12th the vessel left the 
working ground for Norfolk, arriving on the 13th. 

The repair work was completed November 1 and on the same date 
the vessel sailed for Charleston, arriving on November 3. 

Between November 6 and 11, during the session of the Atlantic 
Deeper Waterways Convention, the his was at Savannah. During 
this time the vessel was at the dock at the foot of the principal street. 
together with the U. S. S. Dolphin^ the Coast Guard cutter Yama- 
craw, and the lighthouse tender Cyprrss, and was visited by a large 
numl)er of persons to whom the work of the ship was explained. 

On November 12 the I^is sailed from Savannah, arriving at 
Charleston on the same day. Between November 13 and 22 the ship 
was engaged in preparing survey buoys and other work in prepara- 
tion for offshore work. On November 23 the survey buoys were 
dropped by a lighthouse tender. The buoys were located by sextant 
cuts, and hydrographic work was begun and was in progress when 
the command was transferred on November 30, 1915. 

The first survey work performed by the Isis after its purchase by 
the Government began August 20 off tlie entrance to Chesapeake 
Bay, and consisted of inshore hydrography off Cape Charles, in the 
area between Ship Shoal Inlet and the south end of Nautilus Shoal 
(between latitudes 37'' 12' and 37° 02' N.) and extending from the 
3-fathom curve out to about 9 miles offshore. All of this work was 
located by sextant positions on shore objects, and comes entirely 
under the classification of inshore work. The shore objects used were 
three signals which had been erected l>y PI B. Latham and natural 
objects such as lighthouses and water tanks which had already been 
located. Cape Charles Liglitship was located by sextant angles and 
was used occasionally on the outer ends of the lines. All soundings 
were taken from the ship with the hand lead as the depth of water 
Avas less than 14 fathoms in this entire area. Lines were spaced 
one-half mile aj^art and were run in an cast and west direction. 
Special care was taken to develop all areas where shoal or uneven 
depths were found. Soundings were taken from 50 to 100 meters 
apart, depending on the depth of water. 

As the ship was forced to discontinue this work September 1, all 
of the area could not be completed. 

The work off Barncgat, N. J., included offshore work for which 
the Isis had not l)een equipped, and therefore upon arrival at New 
York work was begun of rigging up a trolley sounding apparatus 
and preparing all necessary equi]^nient for offshore hydrography. 
Through the courtesy of the lighthouse inspector at Tompkinsville, 
a portable trolley lead stand and sounding boom embodying several 
new features were constructed at the lighthouse depot and completed 
in a very short time. 

The shore signals in this work consisted entirely of natural objects 
which had been previously located by E. B. Latham. 

As the coast in this section is flat and low and as shoal water ex- 
tends farther from shore than it would be possible to see shore sig- 
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nals, four survey buoys placed in a line parallel to the coast and 
about 11 miles ofishore were used for onshore signals. These were 
loaned by the lighthouse inspector at Baltimore and placed in posi- 
tion by a lighthouse tender. 

The hydrography was begun September 13. The work done was 
of two classes, inshore and oifshore, the former being entirely within 
sight of shore or offshore signals and the latter dead-reckoning work. 

The hydrography done covers the area between latitudes 39° 48' 
N. and 39® 36' N., and extends from the 3-fathom curve out to about 
23 miles offshore. 

The lines were run generally in an east and west direction and 
spaced about one-half mile apart from the shore to the 10-lathom curve 
and about 1 mile apart to the outer limit of the work. Areas where 
shoal or uneven depths were found were developed with special care. 
Soundings were taken from the ship, with the hand lead to depths of 
14 fathoms and by means of a hand-operated trolley soundmg ap- 
paratus at greater depths. Soundings were taken xrom 30 to 200 
meters apart according to the depth. 

The inshore work was located by sextant positions on shore objects 
or signal buoys. The offshore work in the area outside the limit of 
visibility of shore or offshore signals was done bv dead reckoning 
of the accurate class recently developed in the Atlantic coast work. 
Great care was exercised in this dead-reckoning work to make it as 
accurate as possible. Compass deviation was carefully determined. 
The lines were run only in the best of weather, and the amount of 
leeway was determined as closely as practicable. The ship was 
anchored at the beginning and end of each line and at two-hour in- 
tervals on the line, and current observations were taken at each one 
of such anchorages. 

This work was discontinued on October 11. 

Preparations for work off the South Carolina coast were begun 
November 12. 

Six first-class bell and whistle buoys loaned by the lighthouse 
inspector at Charleston were fitted with superstructures and other- 
wise adapted for use as survey buoys. These buoys were dropped 
by a lighthouse tender of the Charleston district on November 28 
and hydrographic work was begun by the Im on that date. 

The shore signals used had been erected and located by O. B. 
French prior to the beginning of the work. 

The hydrographic work done by the I sis before the transfer of the 
command, in adaition to rigging up survey buoys, consisted in locat- 
ing five of the six survey buoys and one day's sounding work. 

In connection with the hydrography, current observations were 
made at the beginning and end of each dead-reckoning sounding line 
and every two hours on the line, from the ship at anchor, in order to 
correct the dead reckoning. In addition current observations were 
taken every half hour day and night whenever the ship was at anchor 
on the working pounds and the sea was not too rough to make good 
observations possible. 

In connection with the surveys off Chesapeake Bay a tide staff with 
three permanent bench marks cut into stone foundations of various 
buildings was established at the entrance to Lynnhaven Bay, Ya. 
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RHODE ISLAND, CONXECTICUT, NEW YORK, AND NEW JERSEY. 

[E. F. DicKiNs. .Tuniiary 18 to April 21; H. P. Ritteb, June 19 to June 24; 
Isaac Winston, July 1 to January 17, April 22 to June 18, and June 25 to 
June 30.] 

Inspection duty for the region included between Xarragansett and 
Delaware Bays was continued by an officer who is in charge of. the 
suboffice of the Survey in the Customhouse Building. New York City. 

Thc duties of the inspector are to obtain information for the cor- 
rection of charts, Coast Pilots, and Notices to Marinei*s concerninff 
dangers to navigation or changes affecting the charts; to furnish 
information to tlie public concerning charts, Coast Pilots, Tide Ta- 
bles, and other publicaticins of the Survey; to supervise the construc- 
tion and shipment of material needed for the repair or outfit of vessels 
and boats of the Survey; and to receive and forward instruments or 
material for the field parties and vessels. 

Every effort has been made to bring the Survey in close touch with 
the maritime public, to ascertain their needs and to meet them as 
promptly as conditions will permit. 

The suboffice keej^s a file of charts and nautical publications of the 
Survey for the convenience of persons wishinc: to consult them, and 
is also supplied with a stock of charts, Coast Pilots, and Tide Tables 
for sale. 

The agencies in New York for the sale of the charts and publica- 
tions of the Survey were inspected and obsolete charts and publica- 
tions condemned. 

Attention was called to the necessity for a revision of the surveys 
in vicinity of Port Newark Terminal, and request was made for tte 
revision of the western shore line of Newark Bay. 

Information was compiled and furnished to the public concerning 
the tides and the time of sunrise and sunset. 

Matter of interest to the mariner was furnished for publication 
in newspapers publishing marine news. 

VIRGINIA. 
[Path. O. Whitney. Commanding Stoamer liachc.'] 

Summary of kesults. — Ilydropraphy : 10.1 square mih^s of area covered, 
627.3 miles run while soundin;:, 2,138 angles moasurotl, 10.091 soundiugs made, 
1 tide station established, (J current stations ocrupietl, 1 hydrographlc sheet 
partly nnished, scale 1 :40,000. 

During the period from October 1, when the command was trans- 
ferred, until October 17 the steamer liache was undergoing repairs at 
Brooklyn, N. Y. 

Upon the completion of these repairs, the vessel sailed for Nor- 
folk, Va., on October 18, V1A7> a. m., stopping en route to hunt for a 
24-foot spot off Barnegat Inlet. An unsuccessful search was made, 
and the ship arrived at Norfolk at iSX^O p. m. October 19. 

On October 22 the vessel was inspected by the chief of the section 
of vessels and equipment preparatory to making further necessary 
repairs. 

On October 26 the survey of Chesapeake Bay Entrance, which had 
been begun by the his during August, was taken up. This work was 
carried forward as rapidly as the weather would permit 
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The sheet extends off the entrance 30 miles, but owing to the late- 
ness of the season, work was confined to the inshore section of the 
sheet, the lines running out to the limit of visibility of shore dgnals, 
which was about 14 mues offshore. 

The signals used were the lighthouses at Capes Henrj and Charles, 
the buoys already established for navigating purposes m the entrance 
and which were located by this party, a high water tank at Virginia 
Beach, and three tall hydrographic signals erected by Assistant 
E. B. Latham. 

In accordance with instructions this work was closed on November 
30, 1915, when proposals for general repairs were prepared and sent 
out to bidders in Baltimore, Norfolk, Newport News, and Charleston. 
The bids were opened on December 13 and the contract awarded to 
the Norfolk Marine Railway Co. (Inc.). They began the work on 
the 16th. 

[R. F. Luce, Ck)mmaDding Steamer Bache.l 

SxTMMARY OF RESULTS. — ^Triangalation : 3i mUes of area covered, 8 stations 
occupied for horizontal measures, 2 geographic positions determined. Topog- 
raphy : 1 square mile of area covered, 2 miles of shore line surveyed. Hydrog- 
raphy: 2 square miles of area covered, 16 miles run while sounding, eSid 
soundings made, 107 angles measured, 1 tide station established. 

Between July 1 and 8 the steamer Bache was at Baltimore, Md., 
being examined by prospective bidders for repairs. On July 8 bids 
for repairs were opened and on July 9 the Bache sailed for Norfolk, 
Va., arriving on the afternoon of July 10. From that date until 
August 16, the end of the period covered by this report, the vessel 
was at Norfolk imdergoing repairs. 

On Auffust 10 a party detailed from the Bache be^an chart revision 
work in Norfolk Harbor and Hampton Roads, which work was in 
progress when the command of the vessel was transferred on Au- 
gust 16. 

The field work performed consisted principally of chart-revision 
work in two sections, the channel to Norfolk, Va., and the small- 
boat harbor at Newport News, Va. 

In the vicinity of Norfolk and Hampton Boads the local navy yard 
had been using a number of local objects for ranges in piloting their 
larger vessels up the deep-water channel to the Norfolk Navy Yard 
and desired that they should be plotted on the charts. Upon request 
the master of tugs of the Norfolk Navy Yard, who acts as pilot for 
battleships entering Norfolk, took an oflScer of the Bache down the 
channel in a Navy tug and pointed out the local marks used as ranges. 
These objects, together with all other prominent objects in the vicin- 
ity, were located oy triangulation or by plane table cuts. 

At Newport News, near the shipyard, a dredged, small-boat harbor 
was reported as not shown on the charts. This boat harbor was 
mapped by plane table survey based on signals located by triangula- 
tion, and a close system of soundings was carried out over the area 
of tiie harbor to the deep-water chlnnel outside. While work was 
in process readings of a tide staff located near by were taken at half 
hourly intervals to reduce the soundings obtained. 

W645"— 16 6 
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VIRGINIA, SOUTH CAROLINA, AND GEORGIA. 

[G. T. Rude, CkMnmanding Steamer Itii.l 

SuMMABT OF RESULTS. — ^TriaDgulatioD : 35 square miles of area covered, 6 
signal poles erected, 10 stations occupied for horizontal measures, 38 geographic 
positions determined. Magnetic work : Ship swung for compass deviation at 4 
stations. Topography : 2.1 square miles of area surveyed, 7.5 miles of general 
coast line surveyed, 1.3 miles of shore line of creeks surveyed, 9.8 miles of 
roads and railroads surveyed, 3i topographic sheets finished, scales 1 : 10,000 
and 1 : 20,000. Hydrography : 3.145 square miles of area covered, 2,701 miles 
nm while sounding, 5,206 angles measured, 40,203 soundings made, 77 stations 
occupied by ship to locate shore and offshore signals, 340 angles observed (sex- 
tant cuts) to locate shore and offshore signals, 3 shore objects located by angles 
from ship, 26 offshore buoys and objects located by angles from ship, 54 anr^ 
face temperatures taken, 50 bottom temperatures taken, 8 bottom specimens 
taken, 2 log tests made, 3 tide stations established, 181 current stations oc- 
cupied, 4 hydrographic sheets finished, scales 1 : 10,000, 1 : 20,000, 1 : 80,000, and 
1 : 180,000. 

Hydrographic work off the coast of South Carolina begun by the 
party on the steamer Isis was continued after the transfer of the 
command of the vessel on November 30, 1915, until May 26, 1916, 
v^hen the vessel sailed for Norfolk to undergo necessary repairs anj 
alterations. 

Charleston, S. C, was used as headquarters for the vessel for the 
greater portion of tiie season. 

Shore signals for the work had already been erected for use in 
this work by special signal-building parties. 

In addition to these signals other artificial objects on shore pre- 
viously located by triangulation were used for the control of the 
survey. 

Six first-class whistle and bell buoys, with iron pipe superstruc- 
tures carrying black flags 6 feet long, were used for onshore signals. 
These buoys were planted and shifted by the lighthouse tenders of 
the sixth district. The lighthouse inspector for this district did 
everything in his power to facilitate the work of the I sis in shifting 
the line of buoys when required and arranging for the transfer of 
supplies from the lighthouse depot to the Isis. 

The positions of the buoys were determined by sextant cuts taken 
from the Isis when located inshore of the lines of buoys by sextant 
angles to shore stations. 

Owing to extended periods of hazy weather during the winter and 
early spring months it was found necessary' to place these buoys not 
more than 11 miles offshore and from 3 to 3} miles apart. 

The field work extended along the coast between Charleston Light 
Vessel and Martins Industry Light Vessel, a distance of 50 miles, and 
from the 3-f athom curve otfshore to the 100-fathom curve, a distance 
of approximately 60 miles. 

When the vessel was in Charleston Harbor at intervals during the 
winter, chart-revision work was done extending from the toU bridge 
on the Ashley Eiver around the water front of Charleston and up 
Town Creek to and including the Southern Railway dock. The radio 
masts, flagpole, and chimneys at the navy yard were also located. 

In connection with the chart-revision work launch hydrography 
was done in the vicinity of the Southern Railway Co.'s dock and on 
the bar south of the Battery in Charleston Harbor. 
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Triangulation in Norfolk Harbor for the location of landmarks 
was undertaken June 21 at the request of the Navy Department and 
was in progress at the close of the fiscal year. This work extends 
from Old Point up the Elizabeth Biver to the railroad bridge from 
Norfolk to Berkley. 

The hydrography executed by the steamer Isis off the coast of 
South Carolina wal^ of two classes, the ordinary inshore or fixed 
position work in which the vessel is located at frequent intervals by 
sextant angles to shore signals and offshore buoys, and the offshore 
or dead-reckoning work on which the vessel makes a departure from 
an accurately located buoy from 10 to 12 miles offshore or from a 
position outside the line of buoys located by sextant angles to three" 
buoys. 

The position of the vessel in the dead-reckoning work is deter- 
mined in a manner somewhat similar to that employed in ordinary 
navigation except that greater refinement is observed. 

The flow of the currents is determined by frequent observations 
and each course is corrected for leeway. 

Sounding was done with the trolley, using either a 25 or a 40 
pound lead from the line of offshore buoys to the 25-f athom anchor- 
age. From this to the lOO-f athom anchorage stranded sounding wire 
with registering dial was used and the engines were reversed until 
all headway was off the ship and a vertical cast could be obtained. 
When using the dial and stopping the ship for each cast the sound- 
ings were spaced from 0.5 to 0.6 mile apart; when using the trolley 
they were spaced, at a speed of 4^ knots, every one, one and a hali, 
and two minutes, depending upon the depth. 

From the line of offshore buoys out to the generalized 10- fathom 
curve the lines were spaced about a mile apart ; from the 10-f athom 
curve to the outer edge of the inshore sheet 2 miles apart ; and from 
the edge of the inshore sheet to the 100-fathom curve 4 miles apart. 
In order to remain in the Gulf Stream as short a time as possible 
the lines at the 100-fathom anchorage were brought to a point and 
only one sounding taken at the 100-fathom curve, so the soundings 
at the curve are spaced about 8 miles apart. 

Practically all the dead-reckoning work on the inshore sheet was 
done at ni^ht ; that on the offshore sheet was done both during night 
and day, since from 24 to 30 hours were necessary to complete one of 
these long lines. 

In order to increase the accuracy of these lines and also shorten 
the time on the long lines on account of the uncertainty of the 
weather conditions and not being equipped with radio, after the first 
two lines a departure was made from an offshore buoy and a full- 
speed run made to an anchorage at the outer edge of the inshore sheet, 
the line was then nm at slow speed to the 100-fathom curve and re- 
turn to an anchorage at the edge of the inshore sheet, from which a 
full-speed run was again made to a connection with an offshore buoy. 

Astronomical observations were made at every opportunity on the 
offshore Jines ; but very little weight was attached to them as it was 
considered that the adjusted dead-reckonine line was never in error 
more than half a mile, while the positions oy astronomical observa- 
tions are probably not correct within 1 to 3 miles, while in the Gulf 
Stream they may be even 5 or more miles in error due to the uncer- 
tainty in the refractiaD. 
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The inshore hydrography was done on a scale of 1 : 80,000 and con- 
sists of the ordinary position work except that navigation sextants 
were used instead of the ordinary hydro^aphic sextants. This was 
necessary on account of the very poor seeing and the distances which 
it was necessary to " carry " the signals and buoys. The vessel was 
located by fixes on the shore stations as long as possible when run- 
ning offshore, and after the shore stations were shut out fixes were 
taken on the offshore buoys. The line of buoys was passed and 
locations obtained as far as possible outside the buoys. During clear 
weather in May strong positions were obtained as far as 6 miles out- 
side the buoys. 

The preliminary lines on the inshore work were spaced 1 mile 
apart, and extended from the 3-fathom curve offshore to conjunc- 
tion with the dead- reckoning work. Off entrances to harbors and 
over broken areas these lines were split; and where ground ap- 
peared very broken, an additional system of lines spaced about a 
quarter mile apart were run at an angle of about 45° with the main 
system. 

Practically the whole area inside the line of buoys and extending 
from Charleston Harbor entrance to Hunting Island Lighthouse 
was more or less broken and irregular, so that a great part of the 
season was spent on this development work. As this was to be con- 
sidered a finished and final survey it was thought that this broken 
area should have all the attention ^iven it. The one shoal spot, 27 
feet, found only 1 mile inside the sailing line from Charleston Light 
Vessel to Martins Industry Light Vessel, would appear to justify all 
the other development made. 

The hand line, with 10-pound lead, was used on this inshore work 
from the 3-fathom curve to the 10-fathom curve; outside this curve 
the trolley, with 25-pound lead, was used. The ship" was run at a 
speed varying from 4^ to 5 knots and soundings spaced from 15 
seconds to 1 minute, depending on the dei)th. At this speed good 
vertical casts were easily obtamed and the soundings spaced suffi- 
ciently close. 

At all current anchorages at and inside the 25-fathom curve the 
steamer was anchored with her regular ground tackle; at the 100- 
fathom curve a simple apparatus, devised on board the vessel at 
the beginning of the past season, was used for anchoring a buoy from 
which the current observations were taken. 

When the weather was good and the sea moderate a small boat 
was lowered from the steamer and the current observations made 
from it with the ordinary current pole and line. The set of the 
current was obtained by means of a small boat compass or the 
steamer was maneuvered to bring the pole and small boat on range 
and the bearing taken from the bridge of the vessel with standard 
compass. 

The observations were made from the Isis when the sea was too 
rough for lowering a small boat. 

The current observations at all anchorages at and inside the 26- 
fathom curve were taken from the vessel, obtaining the drift by 
means of the ordinary current pole and line and the set with pelonis 
which was referred to the quarter-deck compass. At each station 
three observations were made or continued until a sufficient number 
were checked to make sure of the correct current. 
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During the season, while at anchor, when conditions were unfavor- 
able for sounding, current observations were taken from the Isia 
every half hour day and night. Observations were also made on the 
light vessels by their crews during the winter. 

A plain tide staff of the Army Engineers at the customhouse dock 
at Charleston was used for the sounding at the Southern Eailroad 
Co.'s dock and for that south of the Battery. 

For the work down the coast a plain tide staff at Fort Sumter wds 
connected With the bench marks of the Army Engineers. Two new 
bench marks were established and connected with the staff at the end 
of the season. For the reduction of soundings taken at night the tide 
rolls from the Fort Sumter automatic tide gauge have been obtained 
from the Engineer officer in charge of the Charleston office. 

The triangulation executed in Charleston and vicinity was done 
only for the location of the wireless masts at the navy yard for the 
purpose of adjusting to the chart revision projection the topography 
from a blue print of a Navy survey furnished by the commandant 
of the yard. 

St. Michaels Church steeple was occupied twice in an attempt to 
get cuts to signal " Ponds " out without success. 

The triangulation in Norfolk and vicinity was done for the loca- 
tion of leading marks for the Navy Department. It extends from 
Old Point to the railroad bridge across the river from Norfolk to 
Berkley. 

The only topography executed by the party on the /m during the 
past season was that in Charleston Harbor for chart revision. 

The most important changes in the harbor were charted. Consid- 
erable changes were found along the Charleston water front and the 
immediate vicinity, the most important of which is the Southern 
Railroad Co.'s new dock. 

On the projection several chimneys, flagpole, and radio masts were 
located at the Charleston Navy Yard and a blue print was obtained 
from the commandant so that the survey may be reduced at the office 
and adjusted to the points located on our sheet, as the blue print and 
our sheet have a number of points in common. 

While engaged on the lines to the^ 100-f athom curve, observations 
were made at fixed intervals with whirling psychrometer, and surface 
and bottom temperatures were obtained. 

Barometer observations were recorded in ship's log every hour and 
215 comparisons, reduced to sea level, between this vessel's barometer 
and the Charleston weather bureau were obtained, all readings made 
when vessel was in Charleston Harbor. 

Bottom specimens were obtained at intervals on the lines to the 100- 
fathom curve whenever bottom was such that they could be taken. 
Coquina was brought up at one place. 

Tests were made over a 2-mile course twice during the season to 
standardize the logs used on the dead-reckoning work. 

The ship was swung for deviation four times during the season 
to secure accurate corrections for the courses steered on the dead- 
reckoning lines. 

Inclination tests were made on June 2 and 8 at Norfolk to deter- 
mine the stability of this vessel preparatory to making alterations 
to the bridge. 
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While employed on offshore work in southern waters during the 
past season several vessels were rendered minor assistance by the /m. 

The four-mast schooner Augustus Welf^ 75 days out from Buenos 
Aires and bound for Stamford, Conn., spoke the vessel off Port Royal 
Sound on February 11 and requested that she be reported to her 
owners, which was done. 

On Januarv 13 during very thick weather the United States 
Engineer dredge Bamardspoke the Isis off the entrance to Charles- 
ton and requested to be furnished with course and distance to 
Charleston Light Vessel, which was given them. 

On April 28 the gasoline launch North Star was rendered minor 
assistance in Charleston Harbor. The Isis was getting under wav 
from an anchorage off the yacht club wharf to go to the coal dock 
for coal, when it was noticed that this launch was about to swamp, 
due to overloading and light choppy sea. The launches of the Isis 
had already been sent to the dock to take the lines, so the North Star 
was towed in by the Isis. 

On January 31 it was reported at- Charleston that a United States 
submarine was in distress off Cape Romain. The Isis and crew 
were immediately placed at the disposal of the commandant of the 
Charleston Navy Yard to be used in searching for and assisting her. 
Soon afterwards it was learned that the submarine had been located 
and was proceeding to Key We^t under her own power. 

NORTH CAROLINA. 

[O. W. Febouson, Commanding Schooner Matchiess,'] 

Summary of results. — Reoonnoissance : Length of scheme 110 miles, 390 square 
miles of area covered, 252 lines of intervisibillty determined, 96 points selected 
for scheme. Triungulation : 330 .square miles of area covered, 33 signal poles 
erected, 6 observing tripods and Si'affolds built, average height 25 feet, 61 
stations in main scheme occupied for horiztmtal measures, 10 stations in sap- 
plemental schemes occupied for horizontal measures, 33 geographic positlona 
Jdetermlned. Leveling: C milt»s of levels run, 13 i)ermanent bench marka es- 
tablished. Topography : 60.1 square miles of area surveyed, 231.8 mUes of 
general coast line surveyed, 27.4 miles of shore line of creeks surveyed, 47.2 
miles of roads surveyed, 4 topographic sheets flnishiHl, scales 1 : 40,000, 1 : 20,000, 
and 1 : 10,000. Hydrography : 283.3 square miles of area covered, 1,721.3 miles 
run while sounding, 7,852 angles measured, 60.550 soundings made, 5 tide sta- 
tions established, 3 hydrographic sheets finishe<l, scales 1 : 20.000 and 1 : 10,000. 

During the half year ended December 31, 1915, the schooner 
Matchless was engaged upon surveys of Croatan and Roanoke 
Sounds and adjacent waters in the vicinity of Koanoke Island and 
upon the triangulation of the Pasquotank Kiver, N. C. 

The surveys in Croatan and Roanoke Sounds were begun in May 
of the previous fiscal year and were in progress on July 1. 

The area included extends from Oregon Inlet to Fowells Point. 
N. C, embracing Roanoke Island and all of the shores and waters 
in that region. 

The waters are wide and shallow, averaging 10 miles across in the 
lower portion and 7 to 8 in the upper portion with depths ranging 
from 6 to 14 feet. 

The triangulation of this region had been done in 1909, but by the 
washing away of the shore many of the station marks had been de- 
stroyed and it was- necessary to determine a number of new points. 
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The old stations recovered were re-marked where necessary for 
their preservation. The new points were marked with standard 
brass disks set in cement. 

The topography executed on the scale of 1:40,000 extends from 
below Oregon Inlet to Powells Point on the east side, and from a 
point on the west ^ore directly west from the starting point below 
Oregon Inlet north and west to Alligator River. The ocean shore 
line was run for the whole distance. 

The hydrography of Croatan and Boanoke Sounds was closely 
developed, and the channels in Croatan Sound were gone over a 
second time in order that no shoal spots should be overlooked. The 
channels were finally gone over with an improvised drag by means 
of which several shoal spots were found. 

Tide observations were made at Burnside Wharf on Croatan 
Sound ; at Croatan Lighthouse ; at the north end of Croatan Sound ; 
and at Naghead, Roanoke Sound. 

After repairing the Matchless at Elizabeth City, N. C, the recon* 
noissance and triangulation of the Pasquotank Kiver were begun 
and the greater portion of this work was completed bv December 31. 

The survey of the Pasquotank River was completed April 4, 1916, 
and the survey of the eastern part of Pamlico Sound was oegun. 

[Paul M. Tbukblood, Commanding Schooner Matchless,} 

SuMMABY or BESULT8. — ^TrianguIatlon : 2 signal poles erected, 6 stations in 
main scheme occupied for horizontal measures, 8 geographic positions deter^ 
mined. Leveling: one-half mile of levels run, 3 permanent bench marks estab- 
lished. Topography : 12 square miles of area surveyed, 43 miles of general coast 
line surveyed, 1 topographic sheet finished, scale 1:40,000. Hydrography: 79 
square miles of area covered, 645 miles run while sounding, 8,506 angles meas- 
ured, 29,180 soundings made, 4 tide stations established, 8 current stations estab- 
lished, 1 hydrographic sheet finished, scale 1 : 20,000. 

The survejT of the eastern part of Pamlico Sound, which had been 
begun early in April, 1916, was continued after the transfer of the 
command of the schooner Matchless on May 10, and was in progress 
at the close of the fiscal year. 

At that time the Matchless was anchored in Sheep Island Slough, 
2.3 miles west of Portsmouth. Portsmouth was used as a base of 
supplies and post office. Most of the signal building had been fin- 
ished, a number of triangulation stations occupied, and some of the 
area soimded over. 

The work was continued from the same base, the best sheltered an- 
chorage in the area to be surveyed and the only place where it was 
practicable to get water and supplies from shore. 

The work having been completed in this vicinity the anchorage 
was shifted on June 24 to a point off Brant Island Shoal Lighthouse. 

After completing a small area for which water signals were neces- 
sary, the anchorage was shifted to a point 4 miles northwest of 
Ocracoke, just off the edge of Nine Foot Shoal. 

Practically all the triangulation in this area was completed some 
eight years ago, but it was necessary to reoccupy some of the old 
stations to determine intersection pomts. In accordance with sup- 
plemental infractions, dated May 10, three points in Pamlico Sound 
were connected with Harbor Idand Bar Lighthouse in the Core 
Sound triangulation by a single figure, all points being observed, 
^e other Core Sound staticm. Long Poiat fi^ ^%a ^*»2<qc^S»Au v^ ^^^^ 
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termine new points. Eight new geographic positions were deter- 
mined. All stations capable of being permanently marked were 
marked with cement blocks. 

The topography included all of Portsmouth Island southward to 
a point east of £last Drum Shoal Light ; part of the islands at the 
entrance to Core Sound which came on the sheet; the small islands 
in Ocracoke Inlet; and the lower point of Ocracoke Island. Most 
of this work was done by plane table traverse, though the intersec- 
tion and resection methods were used on the small islands. The 
whole country is practically featureless so there is very little detail 
except the intricate maze of sloughs and islets on the inner shore of 
the main island. 

The hydrography includes all the area on the smooth sheet south- 
west of Ocracoke Inlot and also certain areas in the Inlet and on and 
adjacent to Royal Shoal. The work was executed in accordance with 
the instructions of April 15, which are very complete. In general, 
the bottom is as flat, uniform, and featureless as the land. The 
slopes at the edges of the sloughs are in some cases steep. There is 
a wide expanse of flats all along the outer island which is broken in 
places by comparatively deep slouffhs. All these sloughs were inves- 
tigated and most of them were round to have sufficient depth for 
light-cruising motor boats. 

In order to complete the western corner of the sheet it was neces- 
sary to anchor the ship off Brant Island Shoal Lighthouse and to use 
the foremast as a signal. The only other signals which showed up 
from the launch were Noilhwest Point Royal Shoal Lighthouse 
("Old") and "Hog", a 75-foot hydrographic signal on Hog Island. 
A smaller signal was made by putting up a sail in a small boat and 
anchoring it in a convenient place. The day being practicalljr dead 
calm and with practically no current, no difficulty was experienced 
with these signals at comparatively short range. 

Lines were run across the inshore flats with the light-draft launch 
and a flat-bottom skiff, the two being used independently. In some 
cases it was necessary to leave the boat and wade across carrying 
sextant, book, watch, and sounding pole. 

No attempt was made to locate intermediate soundings in such 
cases as there was no change in depth. The ends of such lines were 
determined and a range was followed in between. 

An automatic tide gauge was established and maintained at Ports- 
mouth and was still in operation on June 30. Tide staffs were also 
located on Sheep Island Slough Beacon, Harbor Island Bar Light- 
house, and Nine Foot Shoal Beacon and connected with the automatic 
gauge by suitable comparisons. There is an appreciable difference 
m range between the automatic gauge and the stan in the Sound. 

Currents were observed for 24Tiours at each of the following 
stations: Anchorage in Sheep Island Slough, anchorage off Brant 
Island Shoal Lighthouse, and Harbor Island Bar Lighthouse. The 
tidal current is small in any case. The wind currents are greater, 
especially after a decided change in the direction if the new breeze 
continues for a day or more. Northerly winds have most influence 
on the depth of water and amount of current. 

One tall hvdrographic signal was necessary for the offshore work. 
This was " Hog " on Hog Island, a wooden tower 75 feet high. It 
was built of rough lumoer with a somewhat larger base Uian is 
usual for triangulation signals. 
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It was impossible to cross the flats with the launches already on 
hand, and permission was therefore obtained to purchase a new flat- 
bottom boat for this work. This boat is 25 feet long, 6-^ feet beam, 
has a 4-horsepower engine and draws only about 15 inches when 
under way with a working party. The hull is cypress and juniper. 
The speed can be varied oy advancing or retardmg the spark, by 
either the timer or throttle. 

SOUTH CAROLINA. 

[F. G. Enqi^ Oommanding Steamer Hydrographer,'] 

SuMicABT OF RESULTS. — ^TriangHilatioD : 85 square miles of area covered, 7 
signal poles erected, 7 stations in main scheme occupie<l for horizontal measures, 
6 stations iu supplemental schemes occupied for horizontal measures, 8 geographic 
positions determined. Topography : 4 square miles of area surveyed, 20 miles 
of general coast line surveyed, 10 miles of shore line of rivers surveyed, 8 miles 
of shore line of creeks surveyed, 1 topographic sheet finished, scale 1:20,000. 
Hydrography : 109 square miles of area covered, 928 miles run while sounding, 
4,515 angles measured, 30,712 soundings made, 5 tide stations established, 6 
current stations occupied, 2 hydrographic sheets finished, scales 1:20,000 and 
1 : 40,000. 

After the completion of repairs at Norfolk, Va., on November 30 
the steamer Hydrographer proceeded to Beaufort, S. C, and on 
December 8 began the erection of simals at stations Hilton and Sand 
at the entrance to Port Royal Soiind. These signals were afterwards 
destroyed by a storm on December 18 and had to be rebuilt. 

On December 30 work was begun on signal Deer, 1 mile southwest 
of Hilton Head Front Range Light, and on January 4 work was 
begun on an automatic tide gauge structure at Station Creek; both 
signal and gauge w^ere completed on January 7. On January 10 
a tide staff was erected at the marine barracks wharf, and connected 
with bench marks formerly established. 

Sounding by ship was begun January 11 outside the entrance to 
Port Royal Sound and carried on when the weather conditions per- 
mitted. The revision of the shore line in the sound and up Broad 
and Beaufort Rivers and the hydrographic resurvey of the sound and 
rivers as far up as the marine barracks were prosecuted when the 
weather was unfavorable for ship hydrography in the vicinity of 
Port Royal Bar. 

On January 25 a party was sent from the ship at Bay Point to 
build signal Surf on the southwest end of Tripps Island. This work 
was completed February 2. 

In order to obtain positions for topography and hydrography and 
for the recovery of old stations in Port Royal Sound ana Broad 
River, it was necessary to carry new triangulation from the line 
Point-Parry. Seven new stations were built; two old stations. Parry 
and Dick, were recovered ; two signals were cut in from old stations 
and several old stations were re-marked with regulation disk marks. 
Reference and witness marks were established where necessary and 
new descriptions made. 

The shore line from Hilton Head Range lights to the southwest end 
of Capers Island was rerun together with the shore line of Port 
Royal Sound and Broad and ^aufort Rivers as far as the naval 
station and Paris Island. 
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An automatic tide gauge was operated at the site of an old gauge 
in Station Creek from January 7 to May 8. The bench mark here 
was not recovered, so a simultaneous series was observed at the naval 
station gauge which was connected with old bench marks. 

On April 5 a 4-inch pipe was pumped down on Port Royal Bar 
(northeast breaker shoul), and simultaneous observations made upon 
it with automatic gauge. Two attempts were made to pump the 
gauge down, the first on March 21 being unsuccessful due to a de- 
fective coupiing. In all, three sea gauges were erected, one on Mar- 
tins Industry Shoal, one on tlie noitheust breaker shoal, and a third 
one-half mile south of Fishing Rip. 

Series of current observations were made at five stations between 
the naval station and the bell buoy on the bar whenever practicable, 
selecting such times when weather was unfavorable for other work. 

All aids to navi&;ation in the vicinity of the work were located 
and sextant angles octween five triangulation stations on shore were 
obtained from the masthead of Martins Industry Light Vessel. 

[Paul C. Whitney, Cotnmaudlng Steamer Bache.] 

Summary of besut.ts. — Triangulation: 15 signal poles erected, 2 statiODB 
in main scheme occupied for horizontal measures. Magnetic work: 1 sea sta- 
tion occupied for magnetic declination, ship completely swung at 1 station. 
Hydrography : 2/J2G s<iuare miles of area covered, 1,571 miles run while soond- 
ing, 2,394 angles measured, 20,6G4 soundings made, 1 tide station established, 
834 specimens of bottom preserved, 130 current stations occupied, 2 hydro- 
graphic sheets partly flnishe<l, scales 1 : 80,000 and 1 : 200,000. 

Having completed repairs at Norfolk, the Bache left that place 
on January 20 for Charleston, arriving February 1. 

Shore signals for the hydrography had already been erected by a 
party charged with that work. They were located in suitable posi- 
tions at about 5 miles apart and averaged about 100 feet in height. 

Buoys upcn which a superstructure was built were used as in previ- 
ous seasons for offshore signals. An improved design was adapted 
for the superstructure which proved satisfactory. 

The offshore signals were planted about 11 miles off the coast, 
a little beyond the limit of visibility of the shore signals and about 
4 miles apart. They were located by sextant angles taken from the 
ship at anchor in positions from which three of the shore signals 
would be seen. 

The buoys were placed by one of the tenders of the Lighthouse 
Service. 

The hydrography executed embraces the area between St. Simons 
Lighthouse and Ossabaw Sound and its southern limit overlaps the 
work of the steamer Bache done during the previous year. 

In the inshore work, usually inside the line of buoys and within 
sight of shore signals or buoys, lines were run at a distance of 1 mile 
apart or closer where irregularities of the bottom were indicated. 
While sounding the ship was run at an average speed of 5 miles an 
hour and soundings were taken with the hand lead from 30 seconds to 
1 minute apart up to a depth of 15 fathoms. This speed insured 
vertical casts with the lead. Bottom specimens were obtained at 
frequent intervals. In most cases the bottom consisted of gray sand, 
broken shells, and black speck& 
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In the offshore hydrography outside the line of buoys and extend- 
ing outward to the eastern limit of the work, sounding lines were lo- 
cated by dead reckoning. Lines were spaced 1 mile or less apart to the 
10- fathom curve, 2 miles apart to the edge of the inshore sheet, and 4 
miles apart to the outer edge of the work. Every precaution was 
taken for the accurate determination of the positions of the various 
dead-reckoning lines. The logs used were carefully tested. The ship 
was swung for compass deviation at freauent intervals. Allowance 
was made for leeway caused by winds ana currents, and observations 
were made of velocity of winds and currents. In the Gulf Stream 
currents were observed as in former years with a buoy anchored by 
300 fathoms of braided wire. 

When anchoring the vessel in deep water, a 300-pound kedge 
anchor with a 3^-mch manila rope was used, and a saving in the 
standard tackle was thereby effected. 

In water up to 15 fathoms the hand lead was used, between 15 and 
30 fathoms a trolley apparatus was used, with a special device for 
reeling in by steam which had been used during the previous season. 
From 30 to 100 fathoms the Sigsbee machine was used, stopping the 
vessel for each sounding and the interval between soundings l^ing 
run at full speed. 

Surface temperatures were obtained every hour while sounding to 
30 fathoms and at every sounding to the 100-fathom curve. Bottom 
temperatures were obtained at every current station and at every 
sounding outside the 30- fathom curve. 

Psychrometer observations were made every hour while sounding. 
Bottom specimens were taken every half hour to the 30-fathom curve 
and then at every sounding. 

Tides were read at the tide staff near St. Simons Lighthouse and 
the results used for the reduction of soundings. 

Field work was closed May 18 and the vessel proceeded to Norfolk, 
Va., for repairs. 

While the repairs were ki progress a topographic and hydro- 
graphic survey was begun of Lynnhaven Soads and adjacent waters 
at the entrance to Chesapeake Bay. 

On February 23 minor assistance was rendered to the barkentine 
Argo^ of Nostral, Denmark, bound for Satilla River, Ga., which had 
been lost for three days in thick fog and haze. A position and 
course was furnished the vessel. A position was given by radiogram 
to the steamship Rio Grande. On March 2 the Finnish bark Vega^ 
bound for the Sapelo River, was spoken, and a radiogram was sent 
directing a tug to meet the vessel off Sapelo Bar. On April 18 the 
topsail schooner Jarstein^ of Syndesnas, Norway, was furnished 
with position and a wireless was sent directing a tug to meet the 
vessel at Sapelo Bar. 

TEXAS. 
I J. B. BOUTET.LE.] 

Inspection duty for the coast of the Gulf of Mexico has been con- 
tinued by an officer of the Survey who is in charge of the suboffice 
of the Survey in the Cotton Exhange Building at Galveston, Tex. 

The suboffice had been established June 1, 1915, in the rooms of the 
Galveston Commercial Association, and was removed to th^^ Oq^^^^j^s^ 
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Exchange Building on July 15 and to its present quarters in room 
No. 19 of that building on September 22. 

Information in regard to chart corrections, reported dangers, 
changes in aids to navigation, changes in shore line or depths, river 
and harbor improvements, tides, currents, and other matters affect- 
ing the charts and publications of the Survey has been obtained by 
the inspector and forwarded to the Washington office. 

He has supplied information in regard to the charts and publica- 
tions of the Survey to persons interested, has furnished tidal infor- 
mation for publication in the newspapers, and has maintained a 
stock of the latest charts and publications for sale to the public ^ 

In coop(»ration with the Steamboat- Inspection Service, applicants 
have been examined for certificates as able seamen and for efficiency 
as lifeboat men. 

INSPECTION OF CHART AGENCIES ON ATLANTIC COAST, 

[E. B. Latham.] 

Between October 23 and November 27, 1915, an inspection was 
made of the chart agencies on the Atlantic coast between Eastport, 
Me., and Baltimore, Md. 

On December 16 an inspection was begun of the chart agencies on 
the Atlantic coast southward of Baltimore and on the Gulf coast to 
New Orleans. This duty w^as completed January 7, 1916. 

In all, 59 agencies w^re visited, the stock of charts examined, in- 
ventories checked, and obsolete charts destroyed. 

During this inspection of chart agencies information was gathered 
in regard to changes or imjirovements in progress along the coast 
affectmg the shore line, depth of channels, etc., and lists were pre- 

i)ared of prominent objects desirable to be placed on the charts as 
and marks. 

Pacific Coast, 

california. 
[Fkemont Morse. 1 

SuMMABT OP BE8ULTS. — ^TrlangulatloD I 5 signal poles erected, 6 stations In 
main sclieme oc-(;upied for horizontal measures, 3 geographic jxisitlons deter- 
mined. Hydrography: 1 square mile of area covered^ 12.5 miles run while 
sounding, 164 angles measured, 840 soundings injide, 2 tide stations established, 
1 hydrographlc sheet finished. 

Between September 23 and October 1 a hydrographic survey was 
made of the bar between Middle and State i^oints, Suisun Bay, Cal. 

A tide staff was erected at the arsenal dock at Benicia and another 
on the dock of the Smith Lumber Co. at Bay Point, and simultaneous 
observations of tides were made beginning with tlie first daylight 
tide of September 27 and ending on the forenoon of the following 
day. The tide observations for the two stations were compared and, 
the reading of the plane of reference on the staff at Bay Point was 
computed on September 28. 

Soundings were begim on the twenty-ninth and completed October 
L Work was closed on the following day. 
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As a result of this survej it was found that there has been prac- 
tically no change of depth m the main channel. 

An improvement is noted in the fact that in this channel the bar 
is not so wide as is shown in the survey of 1914. 

South of the main channel the bar has also improved and shows a 
tendency to develop a second channel with the same depth as the 
main one. On this crossing the bar is, however, considerably wider 
than in the main channel. 

Since the former survey in 1914 was made in the winter during 
high- water conditions from the rainy-season outflow of the Sacra- 
mento and San Joaquin Rivers, and the present one during the dry 
season^ it is considered probable that the changes noted are seasonal. 
That is, during flood conditions of the rivers discharging into the 
bay the bars increase in width and the depths on them decrease, and 
during the following dry season the ebb currents gradually improve 
the bars. 

A tracing of the hydrographv was furnished to the inspector of the 
ei^teenth lighthouse district for use in placing aids to navigation. 

Between October 11 and 22 the geographic positions of a number 
of points on the coast of California between Point Dume and Punta 
Gorda were determined for the use of the Lighthouse Service in plac- 
ing buoys. 

Points were determined in the vicinity of Punta Gorda, Albion, 
Stewarts Point, Timber Gulch, and Russian Gulch. Field work was 
closed October 21. 

[F. Westdahl, July 1, 1915, to April 80, 1916; B. F. Dickins, May 1 to June 

30, 1916.] 

An officer of the Survey has continued on duty as inspector for 
the coast of California and in charge of the suboince of the Survey 
at San Francisco. 

The inspector has obtained information for the revision of the 
Plicific Coast Pilot, and has furnished information in regard to 
charts, tide tables, and sailing directions. 

He has supervise4 the tidal observations at the Presidio station; 
attended to the sale and distribution of charts, tide tables, and other 
publications; furnished transportation to officers of the Survey; and 
attended to the shipment of instruments and supplies to the suboffice 
of the Survey at Manila, P. I. 

During part of the time the inspector was in charge of the exhibit 
of the Survey at the Panama-Pacific International Exposition. 

CALIFOBNIAy OREGON, AND WASHINGTON. 

[R. S. Patton.] 

On May 25, 1916, an officer of the Survey left Washington to make 
a field revision of coast pilot of California, Oregon, and Washington. 

Before beginning the coast-pilot work he was instructed to make a 
search for a breaker reported to exist about 1^ miles outside Tatoosh 
Island. For this purpose a party was organized at Seattle, a launch 
was chartered, and on June 5 the party left Seattle for Neah Bav* 

Between June 5 and June 18 tne breaker was located, inclucling 
sufficient dragging to insure finding the least water over tlNft. ^'^'^^ 
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An area of about 4 square miles having the breaker in its center was 
sounded as was albo the passage between Tatoosh Island and Duncan 
Eocks and a detailed hydrographic survey was made of Neah Bay. 

After the completion of this work the coast-pilot revision work 
was taken up ana this was in progress at the close of the fiscal year. 

WASHINGTON. 

[R. S. Patton, C!ommanding Steamer Explorer.] 

On October 18, at the request of the United States Army Engi- 
neers, the party on the Explorer undertook a detailed revision of me 
survey of Port Gamble, Wash., to ascertain what changes, if any, 
had taken place in the entrance. The actual hydrographic work 
was completed in two days, but through lack of the triangulation 
stations necessary for connecting the work with the original sur- 
veys, it became necessary to measure a base and an azimuth, and 
observe a s(*lieme of triangulation consisting of two figures, reaching 
the one station which it had been possible to recover. 

WASHINGTON AND OREGON. 
[J. F. Pratt.] 

An officer of the Survey has acted as inspector for the coasts of 
Washington and Oregon, and has charge of the suboffice of the Sur- 
vey at Seattle, Wash. 

The work of the inspector includes the collection of data relating 
to the charts of Washington, Oregon, and Alaska, making recon- 
noissance in regard to future surveys, and furnishing information to 
the public concerning the work of the Survey and special notices to 
mariners concerning newly discovered dangers. 

A stock of charts and nautical publications is maintained at the 
suboffice for the convenience of the public. 

The inspector also supervised the repairs of the vessels of the 
Survey at Seattle; the work of the tide station at Seattle; the current 
observations at three light vessels at Columbia River, Umatilla Reef, 
and Swiftsure Bank; and attended to numerous other details. 

Interior States Geodetic Work. 

MAINE. 
[J. D. POWKLL.] 

A party was organized and equipped in June to run a line of pre- 
cise levels from Boundary to Vanceboro, Me. 

It set bench marks pending the arrival of instruments and material 
and began the actual work of leveling at the beginning of the fiscal 
year 1917. 

NEW JERSEY. 

[E. B. Latham.] 

In the latter part of September work was begun on the erection of 
a tall hydrographic signal on the coast of New Jersey about 4 miles 
north of Barnegat Inlet. Work on the signal was completed on 
October 7. Unfavorable weather delaved the work. 
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The construction of the signal being completed with the excep- 
tion of the work of putting in place some adaitional braces and guy 
wires, which was arrangra for, the officer in charge returned to 
Washington on October 8. 

MARYLAND. 
[E. W. ElCKELBEBO.] 

SuicicABT or BESTTT^TS. — ^RecoDnoissance : Length of scheme 28 miles, 73 square 
miles of area covered, 114 lines of intervlsibillty determined, 52 points selected 
for scheme. Triangulation : 34 signal poles erected, 21 observing tripods built, 
16 stations in main scheme occupied for horizontal measures, 25 stations in sup- 
plemental scheme occupied for horizontal measures, 70 geographic positions 
determined. 

At the reqi^est of the United States Engineers^ office at Baltimore 
there was executed a supplemental secondary and tertiary triangula- 
'tion of the Patapsco Biver and Baltimore Harbor. 

The Baltimore Harbor Board and the Baltimore Topographical 
Survey Commission were consulted in order that such points might 
be determined as would best aid in the control of their work. 

The United States Engineers] office, the Harbor Board, and the 
Topographical Survey Commission cooperated by furnishing trans- 
portation, heliotropes, and office and storeroom, and in marking sta- 
tions, erecting signals, and by the personal assistance of their engi- 
neers. Actual field work was begun December 1. 

With the exception of two lighthouses and a station established at 
Bock Point in 1907, practically all points on the river had been lost, 
the loss having been caused in mo^ cases by a change in the shore 
line. With two old lines available the party started working up the 
river toward Baltimore. 

The Baltimore Harbor Board has located monuments at most of 
the prominent points on the shore line, and wherever possible these 
monuments were used either for triangulation stations or they were 
tied into the triangulation net by observations from the triangulation 
stations. 

The line between the old stations Monument and Ba^ View was 
tied into the new -work. This line was the base from which the pre- 
vious triangulation of Baltimore started. 

The new work was also connected with the base line at the head of 
Spring Gardens measured by the United States Engineers. 

VIBGINIA. 

[E. 6. Latham.] 

SuMicABT or BB8I7LT8. — Signal building: 5 signals built 20, 25, 40, 79, and 88 
teet in height, 9 geographic positions of signals and natural objects determined. 

In July five hydrographic signals were built on the coast of Vir- 
ginia at Cape Charles for use in offshore hydrographic work by the 
steamer Isis. One signal 79 feet in height was erected about 95 feet 
above high water at triangulation station Ship Shoal 3. A tall si^al 
was erected in the vicinity of Smiths Island triangulation station. 
Two small signals were built, one on the south side of Little Inlet and 
one at the extreme southern end of Smiths Island. The last signal 
was located between Cape Henry and Virginia Beach. The positions 
of the signals were determined by sextant aiig]L<^. 
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SOUTH CAROLINA. 
[O. B. Fbench.] 

SuMMAST OF RESULTS. — RecoDiiolssance : Length of scheme 10 miles, 40 square 
miles of area covered, 2 hydrographic signals built, heights 84 and 88 feet, 3 
stations in main scheme occupied for horizontal measures, 2 geographic posi- 
tions determined. 

The work of buildiDg signals on the coast of South Carolina for 
the hydrographic parties on the steamers Bache and Isia was begun 
at Folly Island on November 6. About a week had been occupied in 
making preliminary arrangements, hiring a motor boat for the trans- 
portation of the party, and purchasing necessary material. 

The first signal, FoUv, was completed November IG and the party 
proceeded to the site of the next signal the same day. The erection 
of the second signal was somewhat delayed by rain and strong winds, 
but the signal was completed on the 21st. The party then proceeded 
to Charleston to procure necessary material. 

In order to locate the positions of the two signals, horizontal 
angles were observed at each and also at St. Michael's Church spire 
at Charleston, so that the line St. Michael's Church spire-Chanes- 
ton Lighthouse could be used as a base, and additional observations 
were made upon St. Philip's Church spire tp verify the recovery of 
the old stations. 

At Folly the total height of the signal erected was 88 feet above 
ground or about 92 feet above high tide. At Bass a si^al 84 feet 
in height was erected, and being on a hill about 20 feet in height its 
top is more than 100 feet above high tide. 

SOUTH CAROLINA AND GEORGIA. 

[A. Joachims.] 

SuMMABT 07 BE8X7LT8. — Triangula t ioD : 10 signal poles erected, 12 signal 
towers erected 00 to 100 feet in height, 18 stations in supplemental schemes 
occupied for horizontal measures. 

The work of building tall signals on the coast of South Carolina 
and Georgia, which had been begim by O. B. French November 6, 
was continued from November 26 by A. Joachims. 

The coast for the entire stretch consists of a chain of low islands 
made up of marsh, sand dunes, and heavily timbered hammocks. 
The only practicable means of approach is by landing on the inshore 
side of the islands, for which purpose, owing to the shallowness of 
the waters, a light-draft boat is necessary. 

In addition to the two signals already built, four more were erected 
to cover the first 30 miles south of Charleston. 

The first was erected about midway along the coast of Kiawah 
Island. A 90-foot signal was erected here with a 45-foot target, the 
lower half painted white and the upper half black. The black target 
was high enough to have a sky background when observing it from 
out at sea. Also a 22 by 6 foot black side wing was erected so as to 
help the visibility of the signal when observing it at an angle with 
the main target. The dimensions of the latter were 45 by 22 feet. 

The next signal was erected on Seabrook Point. The construction 
of this simal was the same as that on Kiawah Island both as to 
height and size of target. 
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A similar signal was erected on Frampton Inlet at the south end 
of Botany Bay Island. A fourth signal 86 feet in height and with 
the same size of target as the other three was erected over the old 
triangulation station Bay Point. 

After completing the erection of signals for 30 miles south of 
Charleston the party moved to Brunswick, Ga., to begin the erection 
of signals from that place northward. 

The site for the first signal on the coast of Georgia was chosen on 
the north end of the Island of Palms, locally known as Long Island. 
A 90- foot signal was erected here with a 50 by 12 foot curved target. 

During the early part of the season it was noticed that the straight 
target with side wings on the signal was not altogether satisfactory. 
A curved target was then designed and used on the last eight signals 
built. 

The curved target was found to possess great advantages over the 
straight target on account of its greater visibility, as during the 
greater part of the day some portion of the curved target will re- 
flect the sunlight. 

A similar signal was erected on the north end of Little St. Simons 
Island at the entrance to Altamaha Sound. 

The next site chosen was at the south end of Blackbeard Island, 
where a 100-foot signal with k 50 by 22 foot curved target was erected. 
Three more signals of the same size were erected on St. Catherine 
Island, one at each end and one midway on the island. 

The last two signals were erected on Ossabaw Island, one along the 
beach about 3 miles from the soutli end and the other at the north 
end, each 90 feet in height with a 50 by 22 foot curved target. 

The signals were all except one located by triangulation. A great 
number of the old triangulation stations along the coast were re- 
covered and occupied. In most cases the signal tower itself had to 
be occupied. 

Work was closed for the season on February 24. 

FLORmA. 

[George D. Cowns.] 

SxTMMAitT OF RE8XTT.T8. — ^Leveling I 157 permanent bench marks estabUshed, 
396 miles of levels run. 

On November 25, 1915, instructions were issued for running a 
line of precise levels between the tide gauges at Femandina and St. 
Augustine, Fla., and another line from Fernandina to Cedar Keys, 
connecting with the tide gau^e at the latter place. 

Preliminary work of setting out bench marks, etc., was begun 
March 4, and the actual leveling was begun at Cedar Keys, Fla., on 
March 18 and continued until May 12, when the line was completed 
to St. Augustine. . 

The line from Cedar Keys to Gainesville follows the old Coast 
and Geodetic Survey leveling route along the Seaboard Airline 
Railroad, but only a few of the old bench marks could be found. 
These were redetermined as were also the bench marks of the United 
States Geological Survey and of the United States Army Engineers. 

From Gainesville the line ran to Jacksonville by way of Baldwin 
and thence to Fernandina by way of Yulee. 

64045^—16 7 
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The remainder of the line follows the Florida East Coast Railway, 
and runs from Jacksonville to St. Augustine. 

Connections were made with the Coast and Geodetic Survey tide 
stations at Cedar Keys, Fernandina, and St. Augustine, the field 
computations giving the following results: Mean sea level of the 
Atlantic Ocean at Fernandina 2j inches lower and at St. Augustine 
4 inches lower than the mean Gulf level at Cedar Kevs, Fla. 
Further tidal observations and the final computations may change 
these values somewhat. 

After the completion of the line to St. Augustine a spur line, about 
1 mile long, was run from the courthouse to the campus of the Uni- 
versity of Florida at Gainesville. 

The leveling was completed in 1.8 months at the rate of 113.5 
miles per month. 

About 82 permanent bench marks were established at an average 
of 2.5 miles apart. Besides this about H.") tidal bench marks were 
redetermined, and about H5 concrete mileposts along the Florida 
East Coast Railway were used as seinipernianent bench marks. 

The new bench marks are concrete posts inches square in cross 
section and 4 feet long, into which are set standard bronze disks. 

During the season frecjuent reque>ts from local surveyors and 
engineers for data regardmg the bench marks were complied with. 

A method, used for the fii*st time in precise leveling, was adopted 
during the season and found to give good results. This was the use 
of the spikes which hold the rails to the crossties as turning points 
for the rods. This change increased the accuracy of leveling. 

Mr. Cowie also used a listing adding machine for recording the 
rod readings. This method of entering notes was inaugurated by 
Mr. Peters one dav earlier than bv Mr. ("owie. 

Later in the season the i^arty mounted the tri]>od and level on a 
motor velocipede car, as had been done previously by J. H. Peters. 

The party commenced work on the line from Baldwin, Fla., to 
River Junction, Fla., on May 18 and completed same on June 30. 
The line ends on two United States Engineers' bench marks Nos. 
83 and 84, on the west bank of the Apalachicola River, 2 miles west 
of River Junction. 

The line follows the Seaboard Air Line Railway through gently 
rolling country ranging from 05 feet to 200 feet above sea level. The 
total length oiP line is 192 miles and the leveling time is 1.45 months. 
This gives the rate of progress 132^ miles per month. The total 
number of bench marks established is 75, at an average of 2J miles 
apart. They consist of concrete posts and standard bronze disks 
set in substantial buildings. 

TEXAS. 
[C. V. Hodgson. 1 

Summary or REsrLTs. — TriaFi;:ulatlon : 2 olisorvlnj? trIp<Mla and scaffolds 
buUt, height of each trlpo<l 05 feet, scafTciM S."» feoi. 

In March instructions were issued for making a connection between 
the triangulation of Mexico and that of the United States on the 
Kio Grande, near the ninety-eighth meridian. 

The officer assigned to this duty proceeded to Brownsville, Tex., 
and conferred with Mr, Silverio Aleman, who had charge of the work 
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on the Mexican side of the river in regard to the details of this work. 
Mr. Aleman is the chief of the section of geodesy of the Bureau of 
Geographical and Climatological Studies of Mexico. 

Building operations were begun by the American party about 
March 24 and a tower at Donna, Tex., was completed on the morn- 
ing of the 30th. The party moved to Progreso on the afternoon of 
the 30th and completed the tower at that place on April 4. The 
towers built by the American party at Donna and Rio were 60 feet 
in height to the tripod head and 85 feet to the light stand. 

Observations at Kio were finished on April 8 and the party moved 
to Donna on the following day. Here it was found that the lines 
from Donna to both Tenicitas luid Colombres on the Mexican side 
were obstructed, and it was arranged to test the lines once more and 
then have a conference of the observers at Brownsville. 

On the final testing it was found necessary that the tower at Teni- 
citas should have a height to the tripod head of 60 feet and that at 
Colombres 65 feet, while the light stands should be about 75 and 80 
feet in height, respectively. 

Owing to the delay incident to increasing the heights of the towers 
and the approach of the time for beginning work on the Utah-Oregon 
arc of primary triangulation, the chief of party left the field and pro- 
ceeded to Washington to make preliminary plans for his new work. 
The observations on the United States side of the Rio Grande were 
continued and completed by Assistant E. H. Pagenhart. 

[E. H. Pagenhart.] 

Summary of results. — ^Triangulation: 1 station in main scheme occupied for 
liorizontal measures, 1 station occupied for vertical measures, 2 geographic posi- 
tions determined, 1 elevation determined trigonometrically. 

On April 26, 1916, instructions were issued for the completion of 
the worK necessary to connect the triangulation of the United States 
with that of Mexico. 

The observer arrived at Brownsville on April 30 and there con- 
ferred with the Mexican engineer, Mr. Silverio Aleman. 

The observing towers on the Mexican side had at that time been 
suflSciently elevated to permit the completion of the work begun by 
C. V. Hodgson, of the Coast and Geodetic Survey, in the early part 
of April. 

Lights were shown from stations Rio and Donna, and horizontal 
observations were made at Donna. On May 6 notice was received 
of the completion of observations at the Mexican stations Colombres 
and Tenicitas. On the 8th the two observers met in Brownsville 
and exchanged results which proved satisfactory. 

Instructions were issued November 8, 1915, for the remeasure of 
the traverse between that point and triangulation station Arista, h 
distance of about 19.5 kilometers, for the purpose of developing an 
error existing in the previous measurement. 

Field work was begun January 3, 1916. Stations at western end 
of the Arista-Brownsville traverse of 1884 were recovered (triangu- 
lation stations Brownsville and Garrison in Fort Brown). At the 
eastern end of the traverse triangulation station Arista was recov- 
ered. Starting at Arista and using the old directions and distances 
a preliminary traverse was run to aid in the search for old stations. 
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None was recovered until triangulation station Tank was reached. 
Here the foundation of the old water tank was found, and as the dis- 
tance indicated a point at the middle of the tank, a point just south 
of the rail was taken as old triangulation station Tank. 

From Tank westward the old distances were laid off, and at each 
point a search for the old station was made. The distance laid 
down for Forto put it in the mesc^uite beyond the field in which the 
description stated the station was located. At 84 meters less than 
the distance called for by the notes a preliminary position of Forto 
was marked. 

Then starting from the recovered station Garrison, a traverse was 
measured, between the old station Garrison and the new station 
Forto. 

Forto, as determined from Garrison, was about IJ meters to the 
eastward of the tentative point, as determined from Arista. After 
correcting the latter by 84 meters, search failed to recover Forto. 

Again, starting from triangulation station Tank, a second running 
between triangulation stations Tank and Garrison was made, in 
which the azimuth of the lines was carried along. A discrepancy of 
86.35 meters, in azimuth about 230°, was developed between the old 
and the new position of Garrison ; and, as the section of line closest 
to 230° was the section Egan-Valls, it was assumed that a tape length 
was added on this section when the original traverse was run. A 
compromise value of 85.17 meters (mean between length of old 
tape, 84 meters, and the discrepancy developed in check traverse, 
86.35 meters) was used because of lack of precise methods in the 
check work. Field work was completed January 12. 

CALIFORNIA. 
[E. B. Latham.] 

Summary of results. — Ueconnoissunce : Lenj^th of .scliome 25 miles, 82 
square miles of area covered. Triiinj^iilaticui: 82 square miies of area covered, 
22 signal \)o]es erecteil, 25 stations in nuiin sclieuie occupied for horizontal 
measures, 72 geographic positions determined. 

In accordance with the request of the inspector of the eighteenth 
lighthouse district at San Francisco, made through the Bureau of 
Lighthouses, an officer of the Survey was directed to determine by 
tertiary triangulation or otherwise the positions of a sufficient num- 
ber of objects in the vicinity of the following buoys on the coast of 
California to permit their being correctly located by the officers of 
the Lighthouse Service: Point Dume whistling buoy, Point Buchon 
whistling buoy, Half Moon Bay buoys, and Duxbury Reef whistling 
buoy. Subsequently Mouse Rock bell buoy, Cayucos Landing buoys 
Nos. 2 and 3, and Constantine Rock buoy were added to this list. 
Direction was also given for a hydrographic survey of the imme- 
diate approach to Cayucos Landing Wharf and a revision of the 
chart of the southern part of San Diego Bay for the purpose of 
making it possible to fix the positions of a number of buoys estab- 
lished on that part of the coast. 

Work was begun at Half Moon Bay, Cal., on April 26 and was in 
progress on June 30. At tliat date all of the work requested had 
been completed except some additional hydrography at Cayucos and 
the location of points to determine the position of Duxbury Keef 
buoy. 
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NEVADA AND CALIFORNIA. 

[Geoboe D. Co wis.] 

SuMMABY OF EESX7LTS. — Leveling : 427 miles of precise levels run, 107 perma- 
nent bench marks established. 

Precise leveling on the line from Reno to Las Vegas, Nov., which 
had been begun in Mav of the previous fiscal year, was in progress on 
Julv 1. 

'f he line followed the Virginia & Truckee Railway from Reno to 
Mound House via Carson City and thence along the Southern Pacific 
tracks via Churchill to Tonopah Junction. Here a spur line 
branched off and followed a narrow-gauge railroad of the Southern 
Pacific over a pass of the Sierra Nevada Mountains (elevation of 
about 7,500 feet) near Mount Montgomery to Laws, Cal., where con- 
nection was made with several bench marks of the United States 
Geological Survey. From Tonopah Junction the main line of levels 
runs along the Tonopah & Goldfield Railroad tracks to Columbia, 
a suburb of Goldfield. A spur line branched off this railroad at 
McSweeny Junction and ran into Tonopah. 

From Columbia the line followed the Las Vegas & Tonopah Rail- 
road tracks to a point near Wagner, where a crossover was made to 
the Bullfrog & Goldfield tracks along which the line was run into 
Beatty. Here the line returned to the Las Vegas & Truckee Rail- 
way which it followed into Las Vegas, where a satisfactory connec- 
tion was made with the bench marks of the Coast and Geodetic Sur- 
vey established in a previous year. 

Throughout the line many connections were made with bench 
marks of the United States Geological Survey. Coast and Geodetic 
Survey bench marks, consisting of reinforced concrete posts with 
standard bronze disks set in their tops, iron posts capped with 
standard bronze capS; and standard bronze disks set in concrete or 
masonry were used to supplement the Geological Survey bench 
marks. Very few permanent masonry structures were available 
along the line for setting bench marks. 

The country through which the leveling was done was rough, 
with heavy grades. 

On the narrow-gauge line over the Sierra Nevada the railway 
tracks wound up and down on the mountain sides so that in two places 
it was found economical to leave the track and run along the moun- 
tain sides. Cutting across these horseshoe curves saved in each in- 
stance from 1 to 4 miles in distance. 

Work was closed at Las Vegas on November 2. 

The total progress for the season was 548 miles (484 miles after 
July 1), and the average monthly progress was 102.5 miles. 

IDAHO, OREOOl^ AND WASHINGTON. 

[J. S. Boat.] 

Summary or besultb. — Reconnoissance : Length of scheme 385 statute miles, 
14,700 square miles of area covered, 78 Hnes of IntervisibUity determined as 
per sketch submitted, 30 points selected for scheme, 8 Laplace stations selected. 
Base lines: 1 primary, 15,800 meters in length. Triangulation : 17 observing 
stands built and stations marked. 

At the beginning of the fiscal year work was in nr<^^B;c^^& ^\^ ^^c:k9^ 
reconnoissance for primary triaiigdVaXXoiL ixoxcL tl<^t^^t^X^\s^ \a ^ 
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connection with the Calif ornia-Wiisliingt on arc of the primary tri- 
angulation. 

By July 1 the stations from Pilot Peak and Opden in Utah, north- 
ward to Middlebiitte and Caribou, in Idaho, had been prepared for 
occupation, and the reconnoissance, marking the stations, and build- 
ing had been extended from stations Cache and Higbutte westward 
to the vicinity of Boise, Idaho. 

By August 31 the reconnoissance had been completed to stations 
Red, Larch, and Star of the California-Wasliington arc in the States 
of Oregon and Washington, where the new arc ended. During the 

Eroffress of the reconnoissance all of the stations from Cache- 
►igbutte to and including stations Job and Expansion of the Stan- 
field base net were marked and prepared for the obst*rving party. 
From stations Job and Expansion westward to the California- 
Washington arc the stations were not marked or prepared for occu- 
pation. 

A motor truck was used for the first time in a reconnoissance 
party for the transportation of the ])arty and e(ini[)ment in this work. 
The results were most satisfactory, for an analysis of the cost shows 

• ^ ft 

that the work can be advanced more rapidly by the use of the trucks 
than by the using of horses and wagons ami that the unit cost is 
lessened thereby. 

The total length of the ivconiioissance scheme from stations Cache 
and Bigbutte in Idaho to stations Red, Larch, and Star of the Cali- 
fornia-Washington arc is ;VJO miles. In all, there are »J7 stations in 
the main scheme and v5 Laplace stations. One base line site was 
selected, proyision made for connecting with 4 precise level bench 
marks, with the Idaho-Oicgoii boiindarv ami with seyeral stations of 
the United States (leological Suryey triaiigulation. Twenty-four of 
the stations selected were marked, instrument stands were built, and 
the stations prei)ared for occupation. The distance trayeled during 
the progress of the work by motor truck was .*i,lt>0 uiiles. The actual 
field work was completed in 04 working days. 

AKKANSAS AND TENNKSSKE. 

• [J. S. Rii.hy.] 

St'mmary of results. — Trian^Mihition : IMimary trnvorse 130 niUes In length, 
55 (ibsorvinj; tripods aiul scMlTohl^ Imilt, aveni^^e luMjrht 1> feet. 

In the latter part of January, IDIO. work was begun on the prep- 
aration for measurement of a trayerse line between the cities of Mem- 
phis and Little l^ock and also to make such obs(?ryations at points 
along the line as were necessary to c(mtr()l the azimuths, preparatory 
to the measurement of the trayerse line with inyar tapes. 

Anangements were niade with the Chicago, Kock Island & Pacific 
Railway Co. for permission to use motor- velocipede cars for the 
transportation of the party and ecpiipment oyer that road. While 
the motor car was being put in order, several i)ortable tripods and a 
portable scaffold were constructed. 

It was not practicable to build high signals along the railroad witli 
which to obtain long lines of sight. It was therefore decided that the 
lines should be from 1 to 4 miles in length. This made it necessary to 
elevate the instrument only from 8 to 16 feet. 
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Angles were measured at 56 primary stations, and all of the sta- 
tions were marked with permanent reference marks. 

The actual field work connected with the angle measurements was 
begun February 6 and completed on April 25. 

At Memphis the work was connected with the primary triangula- 
tion stations Exchange and Hopefield. 

COLORADO AND NEW MEXICO. 

[E. H. Pagenhabt.] 

Summary of resutts. — Reconnolssance : length of scheme 510 statute mUes, 
11,800 square miles of area covered, 145 Hnes of IntervisibiHty determine<l, and 
81 points selected for the scheme or arc. 

A roconnoissance for primary triangulation along the one hundred 
and fourth meridian between the thirty-ninth parallet and the Texas- 
California arc was begun at the southern end August 4, 1915. 

Stations Sist, Ingle, and Round of the Texas-California arc were 
recovered, and the reconnolssance was extended northward from 
them. 

The scheme is near the one hundred and 'fourth meridian, and 
follows the Santa Fe Railway from Pecos, Tex., to the vicinity of 
Roswell, N. M. It then inclines to the eastward. It continues north 
to the vicinity of Ray, where it includes several Geological Survey 
stations; it then bends easterly again to the vicinity of Clayton for 
a connection with the western boundary of Texas. It then runs 
north to the thirty-ninth parallel. 

Connection was made with stations Adobe, Aroya, and Overland 
of the thirty-ninth parallel arc. The last station was recovered on 
November 17. Field work was closed for the season on November 18. 

IDAHO. 

[C. V. Hodgson.] 

Summary of results. — Reconnolssance: 1 point selected for scheme. Tri- 
angulation : 21,100 square miles of area covered ; 1 observing tripod and scaf- 
fold built, with a height of 10 feet; 10 stations in the main scheme occupied 
for horizontal measures ; 8 stations in supplemental schemes occupieil for hori- 
zontal measures; 27 stations occupied for vertical measures; 36 geographic 
positions determined; 3C elevations determined trlgonometrically. Azimuth: 
7 stations occupied on 10 nights for observations of azimuth. 

The observations in primary triangulation from the most northern 
stations of the transcontinental triangulation in Utah northward to 
the vicinity of Pocatello, Idaho, and thence westward along the 
Oregon Short Line Railroad were begun by this party in the Tatter 
part of June, 1915. 

The reconnolssance from the transcontinental triangulation to the 
vicinity of Pocatello had been made by J. S. Bilby in 1913, and the 
same officer had been instructed to carry the reconnolssance from 
Pocatello westward during the season of 1915. 

The reconnolssance provided for Laplace stations at intervals of 
four to six figures, and where the lines of a figure in the direction of 
progress exceeded 40 miles in length, additional stations to be ob- 
served upon but not to be occupied, were interpolated. Connection 
with precise level bench marks at intervals of 100 to 150 miles was 
provided for, and provision was made for connection with the monu- 
ments of the Idaho and Oregon boundary. 



\ 
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During the progress of the triangulation an astronomic azimuth 
was observed at each of the Laplace stations and at other stations of 
the triangulation which are not ch)ser together than 40 miles nor 
farther apart than 80 miles. 

Automobile trucks were used for the first time in the United States 
for the transportation of a primary triangulation party and its 
equipment. 

An analysis of the costs of the work showed that the cost of the 
triangulation was lower with trucks than it would have been with 
horses and wagons as the means of transportation. 

Almost the entire area covered by the triangulation is arid, with a 
succession of mountain ridges and narrow valleys, except where the 
Snake Kiver cuts through what was formerly known as the Snake 
River Desert, which is a rolling plateau reaching back to the moun- 
tains on its edges and bearing in many places evidences of former ex- 
tensive volcanic activity. Drinking water for the party in some lo- 
calities had to be purchased or hauled for a long distance. 

Many of the stations were on mountains over 7,000 feet high and 
a few were more than 9,000 feet in height, necessitating the use of 
pack horses for the last 5 or 6 miles of the climb. The longest pack 
of the season was about 12 miles each way. 

During the early part of the season the party was greatly hampered 
by the combination of long lines and a thick atmosphere due to dust 
and smoke. Coupled with many scattered fires were the dust storms 
on the plains, which produced a constant heavy haze. At Big Butte, 
for instance, the party remained for 17 days, during 13 successive 
days of which period not a primary observation was obtained. The 
party was forced to abandon the station temporarily and reoccupy 
it later for the omitted lines. During the latter part of the season the 
party made excellent progress as the atmosphere was clearer, due to 
the autumn rains, and the lines shorter. 

Although the line O^den-Pilot, of the thirty -ninth parallel trian- 
gulation, was the base line from which the past season's work was 
really to start, it was not necessary to occupy those stations because 
observations had in a previous year been made from them on stations 
Oxford and Cache in southern Idaho, which were the first stations 
in the new work. The first two figures, which were completed by the 
occupation of six primary stations, contained several lines each more 
than 100 miles in length. The line from Oxford to Pilot was over 134 
miles in length, slightly longer it is believed than any previous line 
observed in the main scheme in this country by the use of lamps. 

After the completion of the two large figures the work progressed 
much more favorably, even though holdups of a few days were not 
uncommon, since some of the lines on the west end of the work were 
more than 75 miles long, and the Snake River Valley was often filled 
with haze and smoke. But after September 20 an average of about 
eight stations a month was made. 

On November 7 the iast ooservations were made, and on the follow- 
ing day the party went to Nampa, Idaho, to overhaul the outfit and 
trucks, and store same for the winter. Only two days after reach- 
ing Nampa there came a heavy fall of snow, lasting intermittently 
for several davs, which would have put a stop very effectively to any 
further work had the party remained longer in the field. 



EEPOBT OF SUPEBINTENDENT, COAST AISD QEODEO^IG SURVEY. 105 

OREGON. 

[C. V. Hodgson.] 

Summary of besults. — ^Bnsc lines : 1 primary, 16,597 meters In lenjrth. Trl- 
angulatlon: 1,300 square miles of area covered, 11 instrument stands built and 
stations ninrke<l. 1 observing tripod and soaflFold built, height 10 feet; 10 sta- 
tions in main scheme occupied foi horizontal measures, 4 stations in supple- 
meatal schemes occupied for horizontal measures, 10 stations occupied for ver- 
tical measures, 17 geographic positions determined, 17 elevations determined 
trlgonometrically. leveling: 10 miles of levels run (base line).- Azimuth: 
2 azimuth stations occupied. 

Work on the Oregon end of the Utah-Oregon arc of primary tri- 
angiilation was begun early in May, 1916. 

The automobile trucks stored at Nampa, Idaho, at the close of the 
previous season were sent to Stanfield, Oreg., on May 6 and arrived 
there on the 10th. 

On May 12 one truck with two men was started out to mark the 
stations and build the instrument stands to the westward, while the 
remainder of the party began the work of lining out and clearing the 
base line at Stanfield. 

The clearing of the base line, driving the stakes, leveling, and 
measuring occupied the time of the party until June 8, altliough 
part of .the men were employed during that time in preparations tor 
the triangulation to follow, such as signal practice, overhauling and 
repairing property, etc. During this period the connection was also 
made with the triangulation of the United States Engineers of the 
Columbia River at Umatilla. 

On June 12 the first lightkeepers left for their stations, and tri- 
angulation observations were begun on the 14th, and by the end of 
the month 10 stations in the primary scheme had been occupied. The 
chief of party reported that this most satisfactory progi*ess was due 
largely to two factors, the first one being the comparative accessi- 
bility of the stations so that a near approach could be made to them 
with the trucks, and also to the personnel of the party, which was 
made up largely of experienced men from previous seasons. 

MONTANA. 

[J. H. PirrsRS.] 

SuMMABT OF RESULTS. — ^Leveling: 296^6 mUes of levels run; 110 permanent 
bench marks established. 

Field work on the line of levels between Huntley and Snowden, 
Mont., was begun June 29. Actual leveling began July 6 and was 
continued without interruption until September 10 when the work 
was completed. The field season closed at Sydney, Mont., on Sep- 
tember 16, 1915. The time between the first and last observations 
was 67 days. Therefore the rate of progress for a 30-day month was 
133 miles. 

The line of leveling begins with a precise leveling bench mark at 
Huntley, Mont., and toUows the Northern Pacific Railway, through 
the towns of Forsyth, Miles City, Glendive, and Sydney to a connec- 
tion with bench mark of the ^ecise level net at Snowden, a small 
station on the Great Northern Kailway near Mondak, Monti 
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Two motor- velocipede cars were used in transporting the party and 
outfit to and from tlie working ji^round in this work. 

The bench marks used for this line were reinforced concrete postfc! 
with brass disk tablets sot in one end. and these tablets were placed 
in substantial structures of masonry such as public buildings, bridge 
abutments, etc. For the entire line the average distance between 
bench marks is 2.7 miles. 

MONTANA, NORl'H DAKOTA, SOUTH DAKOTA, WYOMING, NEBRASKA, IOWA, 

MARYLAND, AND VIRGINIA. 

[C. L. Gaknkk.] 

A standardization of the "'A" set of pendulums was made in the 
early part of July, 1915, and the values ol)tained agreed well with the 
standardization of January, 1915. 

Work in the field was begun early in August, and the following 
stations wore occupied in the order named : Aberdeen, S. Dak.; Faith, 
S. Dak.; Towner, N. Dak.; Crosby, N. Dak.: Poplar, Mont.; Mar- 
marth, N. Dak.: Miles Citv. Mont.: Iluntlev, Mont.: Lander. Wvo.; 
Edgemont, S. Dak.; Moorcroft, Wyo.; Wasta, S. Dak.; Valentine, 
Nebr.; Randolph, Nebr. ; Leon, Iowa: Laurel, Md. ; Rockville, Md.; 
Fairfax, Va.; Upper Marlboro, Md.; and Ungorstown, Md. 

The "A" .set of pendulums was again standardized at Washington 
after the close of the field work. The results showed a slight increase 
in the periods of all of the pendulums, as compared with tlie previous 
standardization. 

During the season 20 stations were occupied in 148 days or an aver- 
age of 7.1 days per station, including Sundays and holidays and de- 
lays of all kinds. 

The average probable error of observed gravity was 0.0007 dyne. 

Western Union time signals were used in this work as during the 
previous season. 

MINNESOTA AND NEBRASKA. 

[C. H. Sinclair nnd O. B. French.] 

Between July 2 and 25 a determination was made of the differ- 
ence of longitude l)etween Minneapolis and Warroad, Minn., using 
Minneapolis as the base station and the position of the longitude pier 
at Minneapolis was checked from Omaha, Xebr. 

A small observatory was erected in the grounds of the university 
at Minneapolis and was completed by July 10, and the station at 
Warroad prepared by July 15, but a succession of bad nights pre- 
vented observations until the 19th. Observations were made every 
night thereafter until the work was completed on July 25, four 
complete nights' observations and exchange of signals having been 
secured. 

^ On July 21 observations for latitude were made after the comple- 
tion of the time observations, 15 pairs being obtained. 

On July 28 preparations were begun for the erection of an ob- 
servatory at Omaha around the pier of 1907, wiiich was found in 
Jood condition. The observatory was completed by the evening of 
uly 29. Observations were made on July 30 and every night there- 
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after except one until the completion of the work on August 9. 
Owing to persistent cloudy weather no complete night's work was 
secured until August 6, after which four consecutive nights were 
obtained. 

The result indicates that the pier at Minneapolis is practically in 
the same place where the original determination was made. 

After the completion of observations at Minneapolis, C. H. Sin- 
clair proceeded to International Falls, Minn., to ariange for con- 
necting the Canadian astronomical station of 1010 at Fort Frances, 
Ontario, with the azimuth station East Base, about 1,900 feet to the 
westward. The necessary connection was made August 15, and 
the observer then proceeded to Baudette to connect the Canadian 
astronomical pier of 1910 with the triangulation along Rainy River 
in the town or Rainy River. A signal was put up at nachtel on the 
American side, and the necessary angles were observed and distances 
measured on the 16th to complete the connection required. 

Afterwards the monument marking the north end of the base line 
at Warroad, Minn., which was found to lean about 8 inches from 
the perpendicular, was replaced in a vertical position and concrete 
was added to the foundation to insure the stabilitv of the monu- 
ment in the future. 

MICHIGAN, WISCONSIN, IOWA, MINNESOTA, WEST VIRGINIA, PENNSYL- 
VANIA, DELAWARE, MARYLAND, AND VIRGINIA. 

[John D. Powell.] 

Summary of results. — Latitude work: 11 latitude stations occupied. Grav- 
ity worlc: 22 pendulum stations occupied. 

Between July 12, 1915, and January 16, 1916, determinations of 
the relative intensity of gravity were made at various stations located 
in the North Central and Central Atlantic States. 

In June and July, 1915, a complete standardization of the three 
pendulums B4, B5, and B6 was made in the pendulum room in the 
basement of the Coast Survey building in Washington. The values 
of the periods derived from this standardization were used through- 
out the field season. Upon the return of the observer to Washington 
in January, 1916, after the completion of the field work, the values 
as derived from a restandardization so nearly checked those referred 
to above that no changes in the results of the season ^s work, for this 
cause, were necessary. 

This close agreement between standardizations shows that these 
pendulums are retaining their values, and is especially gratifying 
in proving that the serious trouble which for five years existed in 
the B4 oendulum has been corrected. 

The neld season began on July 12, 1915, at Traverse City, Mich., 
and closed January 15, 1916, at Fredericksburg, Va. The actual 
number of working days in the field season was 137 and in that time 
22 gravity stations were occupied. The average time per station 
was thei*eiore six and one fourth days. 

The stations occupied were as follows: Traverse City, Mich.; 
Senev, Mich.; Oconto, Wis.; Grand Rapids, Wis.; Winona, Minn.; 
Cambridge, Minn. ; Baldwin, Wis. ; Cumberland, Wis. ; Crookston, 
Minn. ; Brainerd, Minn. ; Faribault, Minn. ; St. James, Minn. ; Daw- 
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son, Minn. ; Cokato, Minn. ; Duluth, Minn. ; Osage, Iowa ; Wheeling, 
W. Va.; Pittsburgh, Pa.; Harrisburg, Pa.; Dover, Del.; Crisfiela, 
Md.; and Fredericksburg, Va. 

The computed probable error for all stations was uniformly dbO.OOl 
dyne. 

Besides the regulargravitydeterminations5latitude was determined 
approximately at each of the following 11 stations: Seney, Mich.; 
Grand Rapids, Wis.; Cambridge, Minn.; Baldwin, Wis.; Cumber- 
land, Wis.; Crookston, Minn.; Faribault, Minn.; St. James, Minn.; 
Dawson, Minn.; Cokato, Minn.; Osage, Iowa. 

Methods, — No changes were made in the methods of observing or 
computing. Toward the end of the season a prismatic attachment 
was furnished upon request for use with the flash apparatus. This 
was Jiiade in the office and shipped to the field party. It enables the 
observer to sit in a chair and read the coincidence, flexure, and other 
observations instead of having to sit on the concrete floor, as the old 
form of apparatus necessitated. It has i)roved a great convenience 
and has added considerably to the comfort of the observer. 

Much interest was taken in this work by the public. Frequently 
in towns where Federal buildings are not available, it became neces- 
sary to call upon the school authorities for space in their school- 
houses for a pendulum room. In such cases the teachers and students 
showed great interest and enthusiasm in the work. Newspaper men 
were eager to secure articles for their papers and the public gener- 
ally was insistent with questions as to the nature of the work and re- 
quests to visit and examine the apparatus. 

For three seasons the gravity work has been carried on by use of 
the Western Union time signals, instead of as formerly by stellar ob- 
servations. It has been found that by this method the cost has been 
very greatly reduced from what it was formerly. 

INDIANA, ILLINOIS, AND MICHIGAN. 
[J. H. Peters.] 

Summary of results. — Leveling: 296.6 miles of levels run, 110 permanent 
bench marks established. 

On April 1, 1916. at the request of the United States Geological 
Survey, work was begun on an extension of the precise level net, 
including seven lines of leveling in Indiana, Illinois, and Michigan, 
as follows: Lawrenceburg, Ind., to Indianapolis, Ind.; Terre Haute^ 
Ind., to Indianapolis, Ind.; Indianapolis, Ind., to Warsaw, Ind.; 
Chicago, 111., to Warsaw, Ind.; Warsaw, Ind., to Jackson, Mich.; 
Mackinaw City, Mich., to Jackson, Mich. ; Jackson, Mich., to Detroit, 
Mich. 

Leveling began April 3 at Lawrenceburg, Ind., on the line from 
Lawrenceburg to Indianapolis. This line, which is 90 miles in length, 
follows the line of the Cleveland, Cincinnati, Chicago & St. Louis 
Railway through the towns of Greensburg and Shelbyville. 

Leveling began April 24 on the line Terre Haute to Indianapolis. 
This line, which is 83 miles in length, follows the line of the Cleve- 
land, Cincinnati, Chicago & St. Louis Railway through the towns of 
Greencastle and Danville. 
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A satisfactory connection was made at Indianapolis between the 
two above-named lines on May 13, a rate of progress of 129 miles 
per month having been made between Lawrenceburg and Terra 
Haute. 

Leveling was begun on May 15 at Indianapolis on the line from 
Indianapolis to Warsaw. This line, which is 119 miles in length, 
follows the line of the Cleveland, Cincinnati, Chicago & St. Louis 
Railway through the towns of Anderson, Alexandria, Marion, and 
Wabash. 

Leveling began June 12 at Chicago on the line from Chicago to 
Warsaw. This line, which is 113 miles in length, follows the main 
line of the Pennsylvania Railroad through the towns of Indiana 
Harbor, Gary, Valparaiso, and Plymouth. 

On July 1 work was yet in progress on this line. The rate of 
progress between Indianapolis and Chicago was 130 miles per month. 

As had been done previously by G. D. Cowie in Florida, Mr. Peters 
used the spikes along the railroad as the rod supports. 

On all the work during this fiscal jear two motor velocipedes were 
used to transport the party and equipment both while moving or en 
route to the field and while leveling. During the latter portion of the 
fiscal year an adding and listing machine was used to record the 
observations and compu^p the results. 

On May 15 a method was provided for mounting the instrument 
on the motor velocipede in such a way that observations could be 
taken without removing the instrument from th^ velocipede as was 
heretofore done. 

So far as known no leveling has been done previously in any 
country with the tripod and level mounted on a car, nor with the 
rod readings recorded on an adding machine. The use of these 
improved methods has materially increased the progress and lowered 
the cost of precise leveling. These methods are now in general use 
in this Bureau. 

ARKANSAS AND TENNESSEE. 
[E. H. Pagenhabt.] 

Summary of results. — ^Triangulatlon : 1 primary base Une, 7.5 kilometers in 
length. Leveling : 4.6 miles run, 2 permanent bench marks established. 

The measurement of a primary traverse from Little Rock, Ark., 
to Memphis, Tenn., was begun May 18 from Northwest Base near 
Little Eock. The work was under the direction of E. H. Pagenhart, 
who was assisted by J. S. Bilby. Mr. Bilby had previously observea 
the angles along this traverse. The traverse was completed to Hope- 
field just across the river from Memphis, a distance of 200 kilometers, 
on June 25. The party then returned to Little Rock to take up and 
complete the measurement of a base line at Little Rock, June 27 to 30. 

The traverse was measured along the rails of the Chicago, Rock 
Island & Pacific Railway from the vicinity of Little Rock to Hope- 
field, Ark. Triangulation stations had been placed at points along 
the tangents and at the curves. At the curves it was necessary to 
stake out the line from the point of curve to the station, which was 
generally located at the point of intersection of tangents; otherwise 
measurement was made on the rails with the tape supported through- 
out its length. 
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A new tape stretcher used for the first time on rail work proved 
very satisfactory. 

The base line at Little Rock was measured immediately after the 
completion of the Little Kock-Memphis traverse, and was practically 
an extension of the traverse. • It will he used as the place of starting 
for the arc of primary trianpilation, which will extend to Oklahoma 
Citv, Okla. The hase line is about 5 kilometers east of Little Rock. 
Six kilometers of the l)ase were measured over the Cotton Belt tracks; 
the remaining li kilometers were over cultivated fields. 

The a<'tual work was be^un late on the morning of June 27 and the 
backward line of levels, which completed the field work, was finished 
at noon on flune JK). 

The rapid an<l ectmouiical execution of the measurement of the 
traverse between Little Rock and Memphis and the base at Little 
Rock rellects credit upon the engineers in charge of the work and also 
upon thos(» assisting them. 

[\Vm. Howie. 1 

In August, 11)15, the chief of the division of geodesy inspected the 
surveying instruments exhibited at the Panama-l^icific Exposition at 
San Francisco, Cal. There was no exhibit yf such instruments from 
abroad and the instruments by American manufacturers were of 
tvpes familiar to the Coast and Geodetic Survey office. Instrument 
factories in San Francisco were also inspected. 

The inspector attended some of the meetings of the American Asso- 
ciation for the Advancement of Science held at Berkeley, Cal. 

The parties of the Survey engaged in leveling and tri angulation 
work in the Western States were visited and the methods of work 
inspected. 

Among it-iMus of interest noted was a systematic error in single lines 
of leveling caused by the micrometer screw which raises or lowers 
the eye end of the telescope not remaining in the same position for 
backward and forward sights. This error is eliminated by running 
two single lines in opposite tlirectioiis and in one party a method had 
been devised of eliminating it in a single line by facing first right and 
then left in setting up the instruments. 

The use of additional lamps and larger heliotrope mirrore on some 
of the longer lines in triangulation was recommended to the chief of 
the triangulation party. 

The use of a more powerful signal lamp such as has been designed 
at the Coast and Geodetic Survey office, will it is thought, be suffi- 
ciently powerful to counteract the rather fre(|uent unfavorable atmos- 
pheric conditions encountered in many parts of the country. 

The use of automobile trucks for transportation of a party engaged 
in reconnoissance was found to result in a saving both in time and 
money. Railroad officials wei-e visited in Salt Lake City, San Fran- 
cisco, Minneapolis, St. Paul, and Chicago. These officials were told 
of the work done by the Survey in the interior of the country and 
in each case they expressed appreciation of the value of the primary 
triangulation and precise leveling. 
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Magnetic Work, 
connecticut, maine, massachusetts, new hampshire, and rhode 

ISLAND. 

[F. L. Adams.] 

Stations OCCUPIED. — Connecticut: New Ilaven.t Maine: Alfred, Calais, East- 
port, Ellsworth, Machias, ami Wiscasset. Massachusetts: Barnstable, Boston,t 
Fall River, Newburyport, ProvinceTown, and Taunton. New Hampshire: Roch- 
ester.t UlKKle Island : Kingston t and Provklence.t 

Between April 8 and June 30 observations of the three magnetic 
elements were made at each of the above-named stations. Old sta- 
tions were reoccupied at the stations marked by daggers (t). Auxil- 
iary stations were occupied near Alfred and Calais, Me., and Roches- 
ter, N. H. The auxiliary observations at Rochester, N. H., developed 
the fact that the local disturbance there was of small extent. At New 
Haven the old station was reoccupied, and a new station was estab- 
lished in a place less disturbed. The old station at Newburyport was 
approximately reoccupied, and a new station was established. 

MARYLAND. 

[George Hart n ell.] 

The regular work of the Cheltenham Magnetic Observatory was 
continued during the year. This includes the operation of two mag- 
netographs and a seismograph, absolute observations for declination, 
dip and horizo'ntal intensity, sun observations for time, the scaling of 
hourly ordinates from the magnetograms and the computation of the 
absolute observations, and of the base-line values for both magnet- 
ographs. 

Instruments used in the field were standardized as usual. A mag- 
netometer from the United States Naval Observatory was standard- 
ized. 

Special observations were made in November to determine the 
effects of the ex-meridian adjustments of earth indicator No. 26, and 
the results of these observations were discussed. 

ARIZONA, COLORADO, KANSAS, KENTUCKY, MARYLAND, NEW MEXICO, 

OHIO, AND WEST VIRGINIA. 

[Frank Neumann.] 

Stations orm»iED. — Arizona: Hon)r(H)k nml Ash Fork. Colorado: Brighton, 
Littleton. Seibert. and Rnmah. Kan.sns: Columbus and Winfleld. Kentucky: 
Anchorage, Buckner. Enstvlew. Pendleton, ShelbyvUle, and Spring Lick. Mary- 
land: Oakland, New Mexico. Taos, and Gallup. Ohio: Cincinnati. West Vir- 
ginia: Parkersburg. 

Between April 10 and May 22, 1916, the three magnetic elements 
were determined at the stations named. 

Meridian lines were established at Columbus, Kans., and Shelby- 
ville, Ky. 

At Winfield, Oakland, and Parkersburg old stations were reoccu- 
pied; at Holbrook, Ash Fork, and Cincinnati new stations were 
established not far from the old ones. 
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INDIANA, KENTUCKY, OHIO, TENNESSEE, VIRGINIA, AND WEST VIRGINIA. 

[Frank Neumann.] 

Stations occupied. — Indiana: Alton, CVirydon, Jeffersonvllle, New Albany.* 
and New Salisbury, Kentucky; Argilllte, Ashland, Brumfield, Burnside, 
Chenaultt, Coalton, Concord, Dover, Ekron, Garrison, Junction City, Lebanon, 
Lebanon Junction, Louisville. Marshall, Maysville, Parkers Lake, Peckenimugli 
Pine Knot, Kupless, Shepherdsvllle, Stanford, Stephensport, Linieville, and 
West Point. Olfio: Amsterdam, Barnesville, Beallsvllle. Bowerstown, Coolvllle, 
DlllonvlUe, Minerva, Piedmont Portsmouth,* Salinevllle, Summerfleld, Warner, 
and Waverly. Tennessee: Glenmary and Jacksboro.* Virginia: BristoL 
West Virginia : Bristol, Glenwood, Jacksonburg, Moundsvllle, Murraysville, 
New Cumberland,* Pennsboro, Point Pleasant,* Sistervllle, Walker, Wallace, 
Wellsburg,* Wheeling, and Woodlands. 

Meridian lines were established at stations marked with an 
asterisk (*). 

Between July 1 and November 29, 1915, the three magnetic ele- 
ments were determined at the stations named, of which seven were 
repeat stations and five were new stations to replace old ones. 

Besides these, 10 auxiliary stations were established at Ports- 
mouth, Ohio, 4 at Waverly, Ohio, 4 at Maysville, Ky., 4 at Corydon, 
Ind., 4 at Stanford, Ky., and 4 at Lancaster, Ky. 

ILLINOIS, MASSACHUSETTS, MICHIGAN, MINNESOTA, MISSOURI, NEW 

YORK, AND WISCONSIN. 

[F. L. Adams.] 

Stations occupied. — Illinois: Durand, Edwardsville, Galesburg, Lacon, Meo- 
dota, Kockton, and Springfield. Massachusetts: East Brookfield, Hinsdale, 
Palmer, Springfield. Sterling, and Westfield. Michigan: Bay City, Channlng, 
Detroit, Dublin, Eagle River, Engadine, Escanaba, Forsyth, Grand Marais, 
Honor, L'Anse, lA»verlng, Mackinac Island, Matchwood, Michigannne, Nestoria, 
Northland, Petoskey, Rudyard, St. Ignace, Seney, Thonipsonville, Traverse 
City, and Trout Lake. Minnesota : Kingsdale, St. Paul, and Two Harbors. 
Missouri : St. Louis. New York : Albany, Buffalo, and Rochester. Wisconsin : 
Alma, Clear Lake, East End, Ellsworth, Lavalle, Madison, Washburn, an* 
Webster. 

During the period from July 1 to November 15, 1915, the magnetic 
elements wore observed at the stations listed above. 

Of these, St. Louis, Mo. ; Springfield, 111. ; Madison, Wis.; St. Paul. 
Minn.; Michiganimo. Mackinac Island, Traverse City, Bay City, ana 
Detroit, Mich.: Buffalo, Rochester, and Albany, N. Y.; and Palmer, 
Mass., were old stations reoccupied. 

New stations to replace old ones were established at Bay City, 
Mich., and Springfield, Mass. 

A meridian line was set at Petoskey, Mich. 

Auxiliary stations were occupied in vicinity of Edwardsville, TIL, 
Kingsdale, Minn., Eagle River, Mich., Nestoria, Mich., Michigamme, 
Mich., Honor, Mich., and Palmer, Mass. 

Five auxiliary stations were occupied about Michigamme, Mich., 
and some rough exploring work was done also. Magnetic disturb- 
ances w^ere noted in this area. At one of the stations an inclination 
of nearly 8G^ was observed. It was found that in places the mag- 
netic bearing of a line diffeied at the two ends by several degrees. 
It w^as a rich mining district and the whole section is underlaid by 
beds of iron-bearing rock. 
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Ledges of iron-bearing rock are also reported in the vicinity of 
., Palmer, Mass., and probably account for the local disturbance at that 
' place. Five auxiliary stations were occupied about Palmer. 






V 



MISSISSIPPI, NEW MEXICO, OKLAHOMA, AND TEXAS* 

[Waixace M. Hill.] 

Stations occupied. — ^New Mexico : BemalUIo, Glovis, Estanda, Fort Sumner, 
Hillsboro, Los Lunas, Rincon, Santa Fe, Texlco, and Vaughn. Oklahoma: Ar- 
nett, Binger, Buffalo, Carmen, Geary, Hammon, HoUls, Medford, Okeene, Rust 
Springs, Thomas, Trail, Waurilta, Weatherford, Woodward, and Waynoka. 
T^as : Archer City, Orosbytown, Lamesa, Tahoka, and Wheeler. 

Between July 22 and November 20, 1915, observations of the three 
magnetic elements, were made at each of the above stations. Be- 
^ tween November 21 and 24 a verification was made of the meridian 
5 line at Brookhaven, Miss. 

Meridian lines were established at Amett, Buffalo, Trail, Wood- 
^ ward, and Waurika, Okla., and at Crosbytown and Wheeler, Tex. 
The local surveyors at Crosbytown, Tex., stated that the canyon 
of the Salt Fork of the Brazos River, about 6 or 6 miles distant, 
caused a local disturbance of the ma^etic declination. This may 
be the reason for the high magnetic declination obtained at Crosby- 
town. 

The county surveyor of Jim Wells County, Tex., reports that 

there is considerable disturbance of the magnetic declination near an 

oil well half a mile northwest from Noledo, Tex. Irregularities in 

[ declination are reported in regions of Mississippi and Louisiana 

• where surface indications of petroleum are found. In Bulletin No. 

"" 401 of the Geological Survey for 1909, George F. Becker calls at- 
tention to the presence of focal magnetic disturbances in regions 
known to contain petroleum, and suggests that the action of water 
upon iron carbides may account for the petroleum deposits in these 
regions. 

ARKANSAS, LOUISIANA, MI8SISSIFPI, NORTH CAROLINA, AND VIRGINIA. 

[Wallace M. Hill.] 

Stations occupied. — ^Arkansas: Malvern,t Rl8on,t Sparkman, and Star City, 
l^ouislana: Jena, Jonesboro, Ru8ton,t and TaUnlali.t Mississippi: Belzoni, 
Holly Springs,! Sumner,* and Water Valley. North Carolina: Chapel HilKt 
Halifax,! Morganton,*t and Salisbury.t Virginia: Emporla,*t Palmyra,*! 
and Richmond.! 

Between March 23 and June 80, 1916, observations of the three 
magnetic elements were made at each of the above stations. 

Meridian lines were established at the places marked by asterisks 
(*). Old stations were reoccupied at the stations marked by dag- 
gers (t). 

Auxiliary magnetic stations to trace local magnetic disturbances 
were occupied at Palmyra, Carys Brook, and Central Plains, Va. 

Other tests for magnetic decimation were made at different points. 

At Bison, Ark., the local magnetic disturbance was very great, due 

• probably to a large mass of magnetic iron ore. 

04645-— 16 8 
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In the town of Rison the magnetic declination is about 1^ 55^ E., 
while at McLerdan's farm, about 4^ miles distant, the declination is 
21° 32' E. 

ALABAMA, FLORIDA, GEORGIA, AND TENNESSEE. 

[J. R. Benton.] 

Stations occupied. — Alabama: Atmore, Calvert, Florala, Georgiana, Jack- 
son, Maplesville, Montevallo, New Market, Opp, Paint Rock, Pine Hill, Safford, 
Samson, Scottsboro, Scranage, Stevenson, Warrior. Florida: Crestview, Fort 
White, Gainesville, Interlachen. Georgia: Acworth, Atlanta, Boxsprlng, Fair 
Mount, Fort Valley, Manchester, and Rockmart Tennessee: Elora and Sher- 
wood. 

Complete magnetic observations were made at the stations named 
between July 1 and September 15. 

All of these were new stations except Scottsboro, Elora, and At- 
lanta, at which old stations were occupied. At each of these places 
the station marks were found in good condition. No permanent 
marks were placed at any of the new stations. 

At all of the stations except Paint Rock the declination came 
within 1° of the expected value. Auxiliary stations were occupied 
near Paint Eock and Elora. 

COLORADO, IOWA, KANSAS, MINNESOTA, MISSOURI, NEBRASKA, NORTH 

DAKOTA, SOUTH DAKOTA, UTAH, AND WYOMING. 

[H. E. McCoMB.] 

Stations occupied. — Colorado: Canon City, Eads, Lake City, Montrose, Ord- 
way, and Walden. Iowa : Blanchard. Kansas : Atwood, Concordia,* Lawrence, 
Oakley, Russell Springs, St. Francis, and Scott* Minnesota: Monument No. 
853. Missouri: Maryville, Maysville, Stauberry, and Union Star. Nebraska: 
Alma,* Bassett, Butte, Center, Chadron,* Cody, New^port, Papillion, and Ponca. 
North Dakota: International boundary monuments Nos. 816 and 798, Pembina. 
South Dakota: Gregory, Wheeler, and Winner. Utah: Cisco, Farmlngton, 
Ogden,* Prince, and Tooele. Wyoming: Bitter Creek, Cheyenne,* Evanston« 
Fox Park, Green River,* Kemmerer, Laramie, Lusk, Medicine Bow, Rawlins, 
and Torrlngton. 

Observations of the three magnetic elements were made at the 
above-named stations between July 1 and 13 and August 9 to Novem- 
ber 23, 1915. The stations on the international boundary were ob- 
served during the first period. 

Old stations were reoccupied at the places marked hj asterisks (*). 

A meridian line was established at Maryville, Mo., in the grounds 
of the State Normal School. 

Auxiliary stations were established in the vicinity of Papillion, 
Nebraska, and Stanberry, Mo., on account of local disturbance. 

• 

IOWA, MISSOURI, MONTANA, NORTH DAKOTA, AND SOUTH DAKOTA. 

[H. B. McCoMB.] 

Stations occufied. — Iowa: Adair, Avoca, Karlham, Keosauqua, and Oska- 
loosa.t Missouri: Kahoka, Memphis, Monticcllo,* New London, Paris, Shelby- 
vlUe, and Troy.* Montana: Plentywood, international boundary monuments 
Nos. 350. 365, 389, 403, 420, 443, 461, 481, 496. 509. 527. 542, 566, 588, 601, 613. 
North Dakota: Bowbells, Cavalier, monuments Nos. 629, 641, 661, 680, 096. 
712, 733, 755, 776. South Dakota : Yanktont 

Between April 8 and June 30, 1916, observations of the three 
magnetic elements were made at the stations named. 
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Meridian lines were established at the places marked by asterisks 
(*). Old stations were reoccupied at the places marked by dag- 
gers (t). 

Observations at Kahoka and Memphis, Mo., were made on me- 
ridian lines established by the United States Geological Survey. 

The stations along the international boundary between Canada 
and the United States were not marked by the observer. Other 
stations were marked as usual. 

IOWA, MINNESOTA, NOBTH DAKOTA, AND SOUTH DAKOTA. 

[H. E. McOoMB.] 

Stations occupied. — Iowa: CJorrectlonvlUe, Dubuque,* Lake Mills, Mallard, 
Moorehead, Oelwein, Plalnfield, Pocahontas, Rolfe, Sibley,* Smithland, Sioux 
Rapids, Strawberry Point, Waucoma, Waukon, Walker. Minnesota: Amboy, 
Blooming Prairie, Breckenridge,* Buffalo Lake, Cannon Falls, Chaska, Chat- 
field, Claremont, Elbow Lake, Ellendale, Kenyon, Kiester, LeRoy, Mabel, Man- 
kato,* Olivia, Rushford, St. Peter, Wells, Winnebago. North Dakota: Bis- 
marck, Jamestown. South Dakota: Aberdeen, Alexandria, Castlewoqd. Clear 
Lake, Colton, Humboldt, Ipswich, Leola, Milbank, Miller, Olivet, Pierre,* 
Slsseton, Toronto, and Watertown. 

Observations of the three magnetic elements were made at the 
stations named during the period from June 30 to November 14, 1914. 

Old stations were occupied at the places marked with asterisks (*). 

At several places where local disturbances were indicated auxiliary 
stations were occupied. 

This abstract was accidentally omitted from the Annual Eeport 
for 1915, and although the work was done in another fiscal year it 
is here included in order to make the record of magnetic work com- 
plete. 

ABIZONA. 
[Fbanklin p. Ulrich.1 

At the magnetic observatory at Tucson, Ariz., the usual records 
were obtained during the year. The magnetograph was in contin- 
uous operation. Absolute observations were made twice each week. 
Daily meteorological observations were made and the results re- 
ported to the local office of the Weather Bureau. 

The Bosch-Omori seismograph was kept in almost continuous 
operation, and 41 earthquakes were recorded. 

ALASKA. 

[J. A. Daniels.] 

Summary or results. — ^Reconnoissance : Length of scheme 69 statute miles, 
874 square miles of area covered, 88 lines of intervlsibllity determined, 45 points 
selected for scheme. Base lines : 1 secondary, 2 miles in length. Triangulation : 
374 square miles of area covered, 49 signal poles erected, 43 stations in main 
scheme occupied for horizontal measures, 81 stations occupied for vertical 
measures, 81 geographic positions determined, 70 elevations determined trigo- 
nometrically. Leveling : One-half mile of levels run, 6 permanent bench marks 
established. Topography: 88 miles of general coast line surveyed. Scale of 
topography, 1:20,000. Hydrography: 424.6 square miles of area dragged, 
449.58 miles run while dragging, 4,465 angles measured, 58 soundings made. 
!4cale of hydrographic sheets 1 : 40,000 and 1 : 80,000, 2 tide stations established. 

The work of this wire-drag party in Bevillagigedo Channel and 
Clarence Strait was begun May 12 and closed Octob«t ^.^V^Y^* 
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The progress made to June 30 was detailed in the annual report for 
the last fiscal year. 

Work in Revillagigedo Channel was continued after June 30, and, 
as completed, extends from Twin Islands southward to the Canadian 
boundary. It includes all area within the 50-f athom curve and the 
entrance to Boca de Quadra for a distance of about 3 miles. 

Trianffulation was executed by the party to locate all signals used 
except those placed upon recovered stations. The topography was 
revised from the entrance to Boca de Quadra to Foggv Point, includ- 
ing a sun'ey of Very Inlet, an unsurveyed arm extending northward 
from Foggy Bay. 

In Clarence Strait the drag work covered the entire channel from 
the 1914 work in Tongass Narrows to Lemesurier Point. Northward 
from this point work was done in the main ship channel and along 
the western shore of the strait as far as Zarembo Island. 

Triangulation was done over the entire strait from Vallenar Point 
to Zarembo Island. No topography was done in this locality. 

In Revillagigedo Channel the main ship channel from Twin 
Islands southward to the international boundary and the entrance 
to Boca de Quadra were dragged. The area covered extends on an 
average from about one-fourth mile from shore out to or beyond 
the 50-fathom curve. The entrance of Boca de Quadra was dragged 
for a distance of about 3 miles and one line was carried into the en- 
trance of Foggy Bay. 

Within the area of 125 square miles covered, only four dangerous 
rocks were found and none of these were of primary importance. 

The effective depth verified was not less tnan 45 feet where that 
depth existed, but nearly all of the work was taken to a depth of 50 
feet or more. The entire area was remarkably clear of imcharted 
shoals. The greater part of this work was done in the fiscal year 
1915. 

Kah Shakes Cove was sounded out and a few lines of soundings 
were taken into Very Inlet, although the latter was not thoroughly 
developed. No other regular hydrography was done. 

In Clarence Strait all of the area from Caamano Point to Lemesu- 
rier Point was covered, including the passages inside of Ship Island 
and Streets Island. From Guard Island to Caamano Point a strip 
about 1 mile wide in the main track of vessels was covered. North- 
ward of Lemesurier Point nearly all of the regular steamer course 
was covered as far as Steamer Point and Snow Passage. The work 
was not completed in the locality, however, as there was a large area 
left in the entrance to Ernest Sound and in the eastern half of the 
strait from Ernest Sound to Point Stanhope. 

Vessels on the regular run through this part of the strait favor 
Narrow Point Light, which is located on the side of the channel 
which was dragged. 

An automatic tide gauge was maintained at Ketchikan by tbe party 
on the steamer McArthur^ and the observations obtained there were 
depended upon for the reduction of the wire-drag work. Compara- 
tive readings were taken at Kah Shakes Cove, Hadley (Lyman An- 
chorage), and Steamer Bay. Each series of readings was connect^ 
with permanent bench marks. 

In Clarence Strait it was found that weather conditions had con- 
mderable effect upon the direction and strength of the tidal current, 
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especially during moderate tides and during hot weather that caused 
large amounts of glacier water to come down from the mountains. 
Numerous instances were observed where the currents flowed con- 
trary to the predicted direction on account of wind. Other cases 
were noted where surface currents opposed the normal tidal currents, 
causing troublesome undertows and cross currents. After a storm 
normal tidal conditions did not prevail for one or two davs. The 
currents in most cases were found to be about 1 knot weaKer than 
indicated on the charts. 

The dangers found and reported after July 1 were a rock with a 
depth of 20 feet oflf Point Harrington, a 6- foot rock marked by kelp 
off Point Stanhope, a reef with a least depth of 18 feet in Snow Pas- 
sage, and a large shoal southwestward from Nesbitt Reef. 

Wire-drag party No. 3 arrived in Ketchikan April 2, 1916, to take 
up the work in Clarence Strait and Ernest Sound. The launch 
Sunrise was inspected April 3 and accepted for charter. The hired 
launch Roosevelt arrived April 4 and the Equator April 6. 

Preliminary arrangements, installation of machinery, etc., occupied 
the time until April 18, and upon that date the party leit for the 
working grounds. 

The first work undertaken was to cover several unfinished places in 
the area covered by the work of 1915, southward of Lemesurier Point. 
From that locality the dragging was continued systematically up the 
strait until all the open water area had been completed to Zarembo 
Island. Then the more exposed portions of Ernest Sound were taken 
up, and work on it was in proj^ress at the close of the fiscal year. 

The signals in Ernest Sound were built and located by the party on 
the steamer Patterson and were ready when the wire-drag party took 
up that work. 

A 5-horsepower, 4-cycle gas engine was installed in a ship's dinghy, 
transferred to the party in the spring, and made a satisfactory power 
tender. A similar 8-horsepower engine was installed in a whaleboat 
for the use of the topograpnic party in camp. 

The work of primary triangulation was begun June 1 from a camp 
in Quiet Harbor, Stikine Strait, and good progress had been made 
at the close of the year. 

Topographic work was done in the vicinity of Lemesurier Point, 
on the south side of Zarembo Island, and on the west side of Clarence 
Strait between Tolstoi Bay and Coffman Cove. Three sheets were 
begun, but none had been completed at the Qud of June. 

[L. O. 0)LBERT.] 

SuHMABY OF BESULTS. — ^Trlangulation : 579.2 square miles of area covered, 
42 signal poles erected, 43 stations in main scheme occupied for horizontal 
measures, 6 stations In supplemental schemes occupied for horizontal measures, 
d9 geographic positions determined. Leveling: 12 permanent bench marks 
established. Topography: 110.5 square miles of area surveyed, 111.7 miles of 
general coast line surveyed, 5 topographic sheets finished, scale 1:20,000. 
Hydrography : 235.9 square miles of area dragged, 536.3 miles run while drag- 
ging, 140 soundings retained, 3 tide stations established, 7 hydrographlc sheets 
finished, scale 1 : 20,000. 

The work done by wire-drag party No. 4 during the season of 1915 
after July 1 was m Sumner Strait, begii?ning m the vicmity of 
Bluff Island, which is about 16 miles inside the entrance to the str«lt. 
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The work was carried northward around Point Baker and eastward 
as far as Vichnefski Rock, which lies oflf the northwest comer of 
Zarembo Island. 

The hydrography consisted of a wire-drag examination of the 
above area. One aay's current observations were made and tides 
were observed at three stations. The area covered was swept to a 
depth of 48 feet below mean lower low water except where less than 
this depth was charted. North of Calder Rocks the entire channel 
of the strait was swept. In the southern part the work was extended 
offshore only to the 100- fathom curve. This depth was considered a 
sufficient limit at the beginning of the season when this work was 
done, but later on a shoal was found which indicated that even the 
100-rathom curve was not a safe limit. This shoal, having but 33 
feet over it and located only one-third mile from where a sounding 
of 84 fathoms was shown on the chart, is further described under a 
later paragraph. The drag was not carried, inshore of the outer line 
of reefs or islands nor did it follow the indentation of the shore line 
except in a general way in the larger bights. The channels into 
Shakan Bay and Port Protection were swept, but the effective depth 
was less. 

A pinnacle with 29 feet was located where 8 fathoms was charted 
on the west side of Sumner Strait and in the usual track of large 
steamers bound in from Cape Decision. 

Another pinnacle with 16 feet was found three-fourths mile off 
Barrier Islands in the passage between those islands and Calder 
Rocks, which is used by freight and.passen^r steamers entering 
Shakan Bay. No outlymg dangers in the vicinity of Calder Rocks 
were found, as the waters were dragged close up to those rocks. With 
the exception of the above two, no shoals were found in the waters 
lying between Bluff and Strait Islands. Inshore, however, a number 
of shoals with less depth than charted were located. 

In the entrance to Shakan Bay 11 shoals were discovered. The 
majority of these are extensions of the reefs and islets on the north 
side of the bay. A rocky reef marked by kelp was charted just north 
of Barrier Islands. Outside the entrance to Labouchere Bay the 
positions of 7 shoals were determined. Two shoals were found off 
the southern point of the entrance to Port Protection. In the vicinity 
of Point Baker 9 shoals were located. In the northern part of the 
channel between Point Barrie and the Eye Opener Beacon and off the 
south shore of Kupreanof Island 18 shoals were found. In the im- 
mediate vicinity of the Eye Opener 2 more were located. 

In mid-channel between the Eye Opener Beacon and Point Colpoys 
and in the direct track of all large steamers passing through this 
channel a pinnacle rock with 33 feet at mean lower Tow water was 
found. The nearest sounding shown on the chart to this spot was 84 
fathoms at a distance of one-third mile. Four rocks were investi- 
gated which were not within the area dragged, but whose position 
was rather doubtful or of which there was no information at all. 

These rocks were determined and their positions and characters 
noted in the records of this party. The first of these was in Port 
Protection. The depth over this rock was reduced from 18 to 10 
feet. The second rock was an uncharted rock in R^ Bay, informa- 
tion of which was furnished by the manager of the Vermont Marble 
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Quarry located in the bay. The third was a rock in the bicht of the 
shore line west of Red Bay. The fourth was a rock marked " P. D.'* 
southeast of the entrance to Keku Strait. 

It was noticed during the first part of the season that the tidal 
flow in the strait was subject to sudden changes which did not con- 
form to the tidal predictions. The action of the currents was noted 
at various stages of the tidal flow while dragging in order to take 
advantage of favorable directions. Frequently the direction would 
be contrary to or the velocity would differ from that expected accord- 
ing to previous observations. 

In order to obtain better data one day was spent observing the 
direction and velocity of the current during flood at several places 
between Point Baker and Shakan Bay. The results were interesting, 
though not taken over a sufficient period or area to obtain informa- 
tion which might be published for the benefit of navigators. 

Tides were observed during the progress of the work at three sta- 
tions. Between May 19 and June 2 observations were made on a 
staff erected in a small cove east of Station Island on the south side 
of Shakan Bay. On May 28 an automatic tide gauge was established 
in Port Protection, and after connecting the series of observations 
at Shakan Bay witn those at Port Protection by 48-hour simultane- 
ous readings the staff at Shakan Bay was discontinued. The gauge 
continued m operation until October. A series of observations had 
been made in 1912-13 by the steamer Explorer in the small cove about 
a mile east of Point Baker. A staff was erected at this place, con- 
nected by levels with the bench marks previously established, and 
simultaneous readings for 48 hours were made with the gauge at Port 
Protection. 

The shore line was surveyed on Prince of Wales Island and Kos- 
ciusko Island in three different sections. The first sheet was in the 
vicinity of Shakan Islands, beginning at the south limit of the 
topographic sheet of Shakan Bay, previously executed in 1886 on a 
scale of 1 : 20,000^ and ending at the northern entrance point of Ship- 
ley Bay. On this sheet were entered all the outlying islands, rocks, 
and kelp patches visible during the progress of this work. 

The second sheet began at the north limit of the sheet of Shakan 
Bay, and extended north along the shore line of Prince of Wales 
Island to the southern limit of the topographic sheet of Port Pro- 
tection, previously executed in 1886 on a scale of 1 : 20,000. Sheet 8 
be^n at the eastern limit of a previously executed topographic sheet 
of ±*oint Baker by the steamer Explorer and extended along the north 
shore of Prince of Wales Island to Point Colpoys, excepting the shore 
line of Bed Bay, which had already been surveyed on a scale of 
1 : 20,000. 

The result of these sheets has been to make continuous the detailed 
surveys of the shore line from Shipley Bay to Point Colpoys. The 
only exception in this entire stretch is the shore line of Labouchere 
Bay, which was omitted on account of a lack of present importance 
and the extremely foul condition of the entrance. A complete hydro- 
graphic survey of this bay is necessary before further work could be 
done. This party was not equipped to make such a survey econom- 
ically in addition to the much more important work waiting to be 
done. The shore line was hence left until such time as a party should 
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be detailed for the survey of this bay, at which time the shore line 
could be run in conjunction with locating signals. The work could be 
readily joined to the topographic sheet executed by this party. 

For the above surveys, triangulation and hydrographic stations 
were first established and located by triangulation. These signals 
were never more than 3 miles apart, so that short traverses only were 
necessary and frequent checks were obtained. The contours were cut 
in partly from shore and partly from the ship while anchored oflF- 
shore. It was a simple matter to anchor in 100 fathoms or more, using 
the wire cable of the King and Winge. 

These surveys were made at times when it would not interfere with 
the progress of the wire-drag work. The topographic parties con- 
sisted of two officers and one man, usually in a pulling Doat with a 
detachable motor and tendered at times by the power schooner King 
and Winge. 

Beginning at base lines joining three stations of the work of J. M. 
Helm (1886), a scheme of triangulation was carried around Point 
Baker to a base between stations on Level Island and Point St. Jolin 
on Zarembo Island. This scheme included as many of the old sta- 
tions of the previous work in 1886 as could be recovered. Three sets 
of six repetitions " D & R " were made at each station and the results 
brought within the limit of secondary triangulation. In the last 
quadrilaterals observed the results were not quite as satisfactory, 
but weather conditions prevented further observations being made 
before the close of the season. These observations can be made when 
the work is taken up from this point another season. 

Wire-drag party No. 4 resumed field work in Sumner Strait on 
April 19, 1916. 

Signals were erected on the working grounds in the vicinity of 
Vichnefski Rock and on April 22 wire-drag work was begun in this 
section. On May 1 the party was transferred from the eastern to 
the southern end of Sumner Strait, and work was continued in that 
section until the 22d. On that date an accident to the machinery of 
the launch Gonj/ made it necessary to tow the launch to Wrangell 
for repairs. During the remainder of the month work was continued 
at the eastern end of Sumner Strait. On June 10 the work at the 
entrance to Sumner Strait was resumed and was completed to the 
inshore limits along the western side of the strait as far as Cape 
Decision. Work in that locality was then discontinued and the party 
returned to the eastern end of the strait, where the work was in 
progress at the end of the month. 

The liydrography consisted of the wire-drag examination. In the 
southern part of the strait the area covered consisted of the inshore 
work between Amelius Islands and Cape Decision, and a section west 
of Calder Rocks, in the space left between the limits of the previous 
season's work and a small area covered on the east side of the strait 
in the vicinity of Bluff Island. In the east part of Sumner Strait 
the area dragged extended from the previous season's work to a point 
2 miles east of the entrance to Wrangell Strait. 

During the progress of the draggmg in the south end of Sumner 
Strait five shoals were found and a recently reported rock was defi- 
nitely located. These shoals vary from depths of 18 feet to 58 feet 
and lie in the vicinity of Point St. Albans. In the eastern end of 
the work two shoals were located, one with 10 feet and the seccmd 
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with 32 feet The location of these shoals was forwarded to the 
office June 6. 

Two tidal stations were established. On the south end of the 
work an automatic tide gauge was erected at Pole Anchorage and 
observations made during the continuance of the work in this section. 
Later the gauge was removed to St. John Harbor on Zarembo Island, 
and observations have been continued since in that place. 

A topographic survejr was made of the southeastern shore of 
Kuiu Island from the vicinity of triangulation station " Cleve " to 
Point St. Albans, also from Port McArthur to Cape Decision, in- 
cluding Fairway Islands and the islands and reefs offshore. In the 
eastern end of the work a topographic sheet was completed, which 
embraced the northwestern shore line of Zarembo Island between 
Point McNamara and Point Craig, also the southern shore of Mitkof 
Island between Point Alexander and Station Island. This to- 
pography was controlled by frequent triangulation stations. 

At the south end of the work the triangulation was carried from 
the limit of last season's work to a junction with three points of the 
work of Assistant £. F. Dickins in 1899. On the eastern end the 
work was advanced from last season's observations to a line joining 
Station Island with Point Craig. As a part of this scheme connec- 
tion was made with three stations of the work of Assistant R. B. 
Derickson in 1910. The observations were made within the accuracy 
required for secondary triangulation. A number of prominent moun- 
tain peaks on Coronation^ Warren, and Kosciusko Islands were de- 
termined, and their locations forwarded to Assistant F. H. Hardy 
of the steamer Explorer engaged in sounding offshore from the west 
coast of Dall Island. 

[F. H. Habdt, CommaDding Steamer Qedncy,^ 

Summary of besults. — ^Triangulation: 560 square miles of area covered, 41 
signal poles erected, 36 stations in main scheme occupied for horizontal meas- 
ures, 4 stations occupied for vertical measures, 34 geographic positions deter- 
mined. Leveling: One-fourth mile of levels run, 3 permanent bench marks 
established. Topography: 184 square miles of area surveyed, 136^ miles of 
general coast line surveyed, 5 topographic sheets finished, scales 1:20,000, 
1 : 10,000, and 1 : 5,000. Hydrography : 87.5 square miles of area covered, 
1,124.2 miles run while sounding, 10,576 angles measured, 25,157 soundings 
made, 3 tide stations established, 4 hydrographic sheets finished, scales 1 : 20,000 
and 1 : 10,000. 

At the beginning of the fiscal year the steamer Gedney was en- 

faged in general surveys on the west coast of Prince of Wales Island, 
^rogress to June 30 is stated in the annual report for the last fiscal 
year. Work was steadily prosecuted until October 21, when the 
vessel left Ketchikan for Seattle, arriving at that place on October 25. 

The work accomplished during the season includes a survey of 
Bucareli Bay from area previously surveyed to Capes Bartolome and 
Felix to join work of the last season in Meares Passage. 

Forrester Island, Wolf Rock, Cape Lookout, and prominent peaks 
on Dall Island were located by triangulation. 

Port Real Marina from Bucareli Bay to the west end of Cone 
Island and Portillo Channel were surveyed, and also the hydrog- 
raphy west of San Juan Bautista Island to join with work done by 
the steamer Gedney in 1912 in San Alberta Bay. 
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In Bucareli Bay the work was extended to a line from Cape Felix 
to a point about a mile outside of Cape Bartolome. The inshore 
hjdro^aphy was done around Cape Felix and also some work out- 
side of Meares Passage. 

The sounding lines and soundings were spaced rather closely for 
the depth on account of the very irregular bottom along this section 
of the coast. 

A close survey was made of Ports Dolores, Santa Cruz, Asumcion, 
and San Antonio, which was supplemented by goin^ over the area 
with the wire dra^. The drag was passed over all localities where 
there were indications of dangerous shoals. 

The steam sounding machine installed in 1912 was used with satis- 
factory results. 

In Port Real Marina the sounding lines were spaced 100 meters 
and soundings about 80 meters apart. All indications of shoals were 
developed with the hand lead, but no drag work was done. Some 
work was done with the laimch Cosmos in Sea Otter Sound. 

The hydrography of Portillo Channel was done on a scale of 
1:10,000 using launch 117. The lines were spaced 100 meters and 
soundings about 80 meters apart. Cross lines in the channel were 
also run. At the northern end of the sheet one day's work was done 
by the Cosvios. 

In the passage west of San Juan Bautista Island the lines were 
spaced 200 meters apart and shoal indications were develoixjd. This 
work was included, as the survey of this passage makes the chart 
of the locality complete. The passage may be used by steamers 
entering Bucareli Bay from the sea. 

The matter of spacing sounding lines and soundings received care- 
ful study, and a lormula was developed to determine the maximum 
distance in proportion to depth that may be safely used and its rela- 
tion to cost of work. 

The shore line of Ulloa Channel necessary to complete the charting 
of that locality was surveyed while the triangulation of Bucareli Bay 
was in progress. 

With line Baptiste-Flores (work of 1907) as a base, the triangula- 
tion was carried down Bucareli Bay to Capes Felix and Bartolome, 
and numerous intersection stations were determined for the use of the 
topographer. The work was also extended to Forrester Island, Wolf 
Rock, and Cape Lookout, from which stations numerous mountains 
on Dall Island and the outside coast from Cape Addington to Cape 
Muzon, a distance of 40 miles, were determined. 

With the line Mond to Foul as a base, triangulation was taken 
through Port Real Marina to Sea Otter Sound. 

[F. H. Habdy, Ck>mmanding Steamer Explorer, April to June, 1910.] 

Summary of besults. — ^Triangulation: 445 square milos of area covered, 19 
stations occupied for horizontal measures. Topography : 40.1 miles of shore line 
surveyed. Hydrography : 556 square miles of area covered, 619 miles run while 
sounding, 1,081 angles measured, and 1,986 soundings made. 

The party on the steamer Explorer left Seattle April 4, 1916, for 
Metlakatla, southeast Alaska, and left Metlakatla April 18 for the 
working ground on the west coast of Dall Island. 

Field work was begun April 20 and was in progress at the dose of 
the Gscal year. 
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The work assigned to the Explorer for the season of 1916 was in 
Kaigani Strait and the outside coast of Dall, Baker, Suemez, and 
other islands. It was desired to complete the survey of the outside 
coast, harbors, and offshore work continuously from Cape Muzon 
northward. 

m 

By June 30 the offshore hydrography had been completed from 
Point Muzon to about latitude 55^ 10'. The limit of the hydrography 
to the westward is the meridian of 133^ 30'. approximately. 

The shore line of Forrester Island and oi Port Bazan had been sur- 
veyed. 

The triangulation for the control of the topography and hydrog- 
raphy was practically completed from Point C^mwallis to Meares 
Passage. 

[C. G. QuiLLiAN, Commanding Steamer McArihurJ\ 

• 
SuificABT OF BEsuLTs. — THangulation : 54 square miles of area covered, 20 
signal poles erected, 21 stations in main scheme occupied for horizontal meas- 
ures, 34 geographic positions determined. Magnetic work : 3 land stations occu- 
pied for magnetic declination. Topography : 108 square miles of area surveyed, 
192 miles of shore line of rivers surveyed, 7 miles of shore line of creeks sur- 
veyed. Hydrography : 107.4 square miles of area covered, 1,268 miles run while 
sounding, 9,631 angles measured, 22,689 soundings made, 2 tide stations estab- 
Ushed. 

At the beginning of the fiscal year the steamer McArthur was en- 

f^aged in general surveys in Sealed Passage, Tamgas Harbor, and the 
ower part of Felice Strait, using Ryus Bay, the nearest anchorage, as 
a base. 

When the work was further advanced a base was selected on the 
west side of Cat Island, from which the remainder of Felice Strait 
was surveyed. A tide gauge was maintained here. This anchorage 
was poor and the holding ground unsatisfactory. The launch Delta 
could not find shelter in southwest breezes and at times had to seek 
shelter in Dog Bay^ an additional three- fourths hour run. 

Only sufficient triangulation was done to control the survey. The 
triangulation of 1914 controlled the area very well^ and only supple- 
mentary work was required. Points were determined in Kyus Bay 
and a minor scheme extended through Cat Passage and joined to a 
minor scheme extended through Danger Passage. Points were also 
determined in Hassler Harbor. 

About 241 miles of shore line were run. The shore line of Percy 
Islands was completed and a traverse was carried down the west 
shore of Duke Island to the limit of the sheet. The necessity of 
completing Felice Strait prevented the topography from being car- 
ried farther on Duke Island. 

This sheet was controlled by plane-table triangulation. Several 
triangulation points on the sheet were occupied and cuts taken and 
resections maae and all checked up closely before continuing the 
shore-line survey. 

The shore line on the north shore of Duke Island, Pond Bay, Cat 
Island, Danger Passage, and the greater part of Seef Harbor was 
run. This work was done on the scale of 1 : 10,000 in order to connect 
with previous work done in 1892. 

The south shore of Annette Island was resurveyed to correct a few 
minor inaccuracies. 
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By US Bay was resurveyed on a 1:10,000 scale to permit a closer 
hydrographic development. This bay, as now surveyed, forms an 
excellent and well-sheltered anchorage for small vessels, and may 
be used by vessels up to 200 feet in length. 

The harbor is easy of access and, if frequented, a buoy placed on 
the shoal off Goose Tongue Island will render it accessible to 
strangers relying on the chart alone. 

The topography along the east and north shores of Annette Island 
was completed and the hills contoured back to join with the work of 
1914. The survey of Annette Island is now completed. 

The shore line and contours alon^ Kevillagigedo Channel were 
completed to the limits prescribed by the instructions. The shore line 
of Mary Island was also resurveyed including Custom House Cove. 

The party completed all of the hydrography laid out in the in- 
structions for the seaiSbn. In Sealed Passage the lines of soundings 
with the launch wete laid out to split those of the 1892 work and 
thus to make the development fairly close. Channel lines were run, 
and one rock with 28 le^t was discovered near the channel. This 
passage is not recommended for large vessels until dragged. 

The ship developed an area beyond the limits of the launch work 
and made a search for Hassler Reef. Soundings were extended 2 
miles southward as a reconnoissance. A portion of this region has 
very irregular bottom, and dangers may exist. Thick kelp was ob- 
served in the vicinity of the 3 and 4 fathom soundings some half 
mile southwest of Bee Rocks, and pinnacle rocks may be found in 
these kelp patches. 

Hassler Reef does not exist in the vicinity charted, and no reef 
which bares was seen nearer than Bee Rocks. 

The hydrography of Tamgas Harbor was completed to a jimction 
with the work or 1914 and disclosed no great chances from the chart. 

The entire area of Felice Strait was completed. Sounding lines 
were spaced from 175 to 300 meters and soundings spaced from 50 to 
200 meters. 

Pond Bay, Cat Passage, and Danger Passage were resurveyed on 
a 1:10,000 scale. Supplementary lines were run in Custom House 
Cove and Mary Island Anchorage, and a close development was made 
of the passages connecting Felice Strait and Revillagigedo Channel 
in the vicinity of Walker Island. 

The inshore hvdrography along Annette Island was completed 
and Hassler Harbor was resurveyed on a 1 : 5,000 scale, the same as 
that of the original survey. 

A few lines were nm on the north side of Bold Island. ^ 

All soundings were carefully taken. AVhen the sounding machine 
was used the vessel was brought to a stop and care taken to insure 
that the sounding wire was perpendicular. The soundings were 
spaced much closer than has been usual in the depths found. 

An automatic tide gauge was maintained at Ketchikan as a base 
and staff gauges at Ryus Bay, Cat Island, and Hassler Harbor. 

Work was closed for the season on October 16. 

[G. G. QuiLLTAN Gommanding Steamer Potteracn.^ 

SuMMABT OF BESULTS. — ^Triangalation : 260 square miles of area covered, 125 
signal poles erected, 67 stations occupied for horizontal measures, 124 geo- 
graphic positions determined. Magnetic work : 2 stations occupied for magnetic 
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d6^nation, dip, and intensity. Topography : 40 square miles of area surveyed, 
150.3 miles of general coast line surveyed, 5 miles of shore line of creeks sur- 
veyed, 8 miles of shore line of ponds surveyed, scale of topographic sheets 
1 : 20,000. Hydrography : 30 square miles of area covered, 309 miles run while 
sounding, 6,162 angles measured, 8,923 soundings made, 2 tide stations estab- 
lished, scale of hydrographic sheets 1 :20,000. 

After completing necessary repairs the steamer Patterson sailed 
from Seattle on April 5, 1916, for her working ground in Kashevarof 
Passage and Ernest Sound, Alaska. 

The ship anchored in Port Chester on April 11, and the work of 
putting the launch Delta in commission was at once begun. This 
work was delayed by severe weather and by the death of a member 
of the crew which necessitated a trip to Ketchikan. 

The vessel returned to Ketchikan, launched the Delta, and pro- 
ceeded to Lake Bay, Alaska, on April 19. Surveying operations 
were begun with that port as a base, working through Elashevarof 
Passage. ^ 

A scheme of primary triangulation was extended through Kashe- 
varof Passage to control the topography. 

Three topographic sheets were laid out for Kashevarof Passage, 
the first covering the greater part of Whale Passage and Indian 
Creek; the second, Blashke, West, and Middle Islands; and the 
third, the lower part of Shrubby Island, the northern part of 
Thorne Island and adjacent shore. The second sheet comprises a 
mass of detail and small islets. The upper sheet takes the remainder 
of the passage to Point Colpoys and includes Bushy Island. 

A topographic party was placed in camp at Exchange Cove early 
in May. 

The Paiteraon went into Ernest Sound to prosecute the triangula- • 
tion in localities that were to be dragged. 

A subparty with the Delta and boats erected signals and made the 
necessary observations between Eaton Point and Zimovia Strait and 
in Seward Passage. 

Another subparty erected signals and made the observations be- 
tween Zimovia Strait and Eastern Passage. 

The ship completed the triangulation from a line of Assistant 
J. A. Daniel's work of 1915 to join that of the other parties. 

The triangulation up Ernest Sound was tertiary in character, and 
thepositions required were furnished to wire-drag party No. 3. 

The triangulation in Ernest Sound was in progress from May 8 
to May 28. On the completion of this work the vessel returned to 
the vicinity of the Kashevarof Islands and during the remainder 
of the fiscal year was at work in that vicinity. 

The camp in Exchange Cove was enlarged by a sounding party 
and a second topographic and triangulation party. The vessel made 
Lake Bay its headquarters and operated a sounding party and a 
topographic party. 

The hydrography through the narrow portions of Kashevarof 
Passage was closely done, particularly where it was not intended to 
drag. Irregular bottom was found with strong currents and swirls. 

An automatic gauge was placed at Lake Bay. One of the old 
bench marks was recovered, viz, a spike in a tree; the others were 
nails in the sill of the cannery and were lost when new sills were 
laid. Three permanent benches were established. A staff was main- 
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tained at Exchange Cove and permanent benches established, vIe, 
marks cemented into rocks in place. 

The tidal streams and currents through the narrower parts of 
Kashevarof Passage are quite swift, the paunches making slow head- 
way against them. 

[A. J. Ela.] 

On May 31, 1916, a field revision was begun of the Alaska Coast 
Pilot, Part I, from Dixon Entrance to Yakutat Bay, including the 
examination of several doubtful areas and uncharted rocks. 

The officer engaged on this work traveled by the usual steamer 
routes and on chartered launches. 

During the month of June the locations of 12 uncharted rocks and 
doubtful positions were determined, and other information obtained 
for the correction of the charts and sailing directions. 

[Gilbert T. Rude, Commanding Steamer Taku,] 

SuMMABT OF BESULTS. — Triangulatlon I 22 square miles of area covered. 14 
signal poles erected, 12 stations in main scheme occupied for horizontal meas- 
ures, 20 geographic positions determined. Topography : 111 square miles of area 
surveyed, 94 miles of general coast line surveyed, 15.5 miles of shore line of 
creeks surveyed, 31 topographic sheets finished, scale 1 : 20,000. Magnetic work : 
1 land station occupied for magnetic observations. Hydrography: 117 square 
miles of area covered, 965 miles run while sounding, 4,641 angles measured, 
12,819 soundings made, 2 tide stations established, 21 hydrographic sheets fin- 
ished, scale 1 : 20,000. 

At the beginning of the fiscal year the party on the steamer Taku 
was engaged on general surveys of Port Gravina, Prince William 
Sound, including topography and hydrography. The triangulation 
for the control of this work had been executed by the party on the 
Taku during the season of 1913. 

An automatic tide gauge was kept in operation at Comfort Cove, 
and a continuous tidal record was obtained until the work at Port 
Gravina was completed on August 16. All soundings were referred 
to the datum plane obtained from this station. 

The topography of Port Gravina was done on two sheets on a scale 
of 1 : 20,000, with a contour interval of 100 feet. The topographic 
work was completed August 7. 

The hydrography of Port Gravina was completed on August 20, 
This work was done on two projections (scale, 1 : 20,000), each cover- 
ing the whole of Port Gravma, including Comfort Cove, Bear Trap 
Bav, Parsha Bay, Olsen Bay, and St. Matthews Bay, and extending 
well out into Orca Bay at the south end. One of these sheets was 
used by the steamer Taku^ and the whole area was covered by the 
vessel except the portions close along shore and at the heads of the 
bays, which were done by the whaleboat party on the other projec- 
tion. 

The sounding was done with the ordinary hand lead, Bassnett 
pressure tubes, Tanner-Bliss pressure tubes, and the regular sound- 
mg sheave. 

A special method was devised for drying the Tanner-Bliss tubes 
after sounding. 

No aids to navigation have as yet been placed in Port Gravina 
and none are needea, unless in time this bay oecomes more important 
commercially. It is used now by small craft only and the small 
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steamers of the Northwestern Fisheries Co. during the fishing sea- 
son in that neighborhood, which is during the months of July and 
August. 

Tne main channels of Port Gravina and its bays are clear, with 
the exception of a rock in mid-channel in Bear Trap Bay and a shoal 
ipaking well across the mouth of St. Matthews Bay. Attention^ is 
called to these and to other reefs, shoals, and foul areas in the descrip- 
tive report accompanying the lx)at sheets of this work. This has 
been suomitted and will not be repeated as a part of this report. 

The work in Port Gravina having been completed, on August 19 
camp was broken at Comfort Cove and on the 20th tne Taku ran to 
Snug Corner Cove. On the 21st the party ran to Fish Bay and estab- 
lished a camp for the use of the topographic and trianmilation party, 
which was to begin this part of the work in Port Fidalgo while the 
party on the Tctku was executing the hydrographic work from Bed 
Head to Knowles Head. 

The topographic work between Red Head and Ejiowles Head was 
done mainly to locate signals for the use of the steamer on hydro- 
graphic work. Very little contouring was done as the chart showed 
that the contouring in this vicinitv had been done by a previous 
party. The work was done on a scale of 1 : 20,000. 

The triangulation for this work was done by the party on the Taku 
in 1913 and by a former party which located stations Knowles and 
Red Head. 

The hydrography was executed from August 28 to September 8 
bv the Taku on a scale of 1 : 20,000. No whaleboat work was done. 
The sheet extends from the shore on the north to the 50- fathom curve 
on the south and on the west from a line south (true) from station 
Knowles on Knowles Head to a junction on the east with the hydro- 
graphic sheet of Port Gravina. 

The bottom is very regular, sloping gradually from 3 to 5 fathoms 
along the shores out to 50 fathoms. The same method of survey was 
used as on the Port Gravina work, ordinary hand lead, Tanner-Bliss 
pressure tubes, and sounding sheave. 

A plain tide staflP was erected in Snug Comer Cove and connected 
by a checked line of levels with bench marks established in 1902 and 
again used in 1905. A tidal plane was established in Fish Bay by ob- 
servations simultaneous with the staff in Landlocked Bay, established 
by the party on the Taku in 1913. Simultaneous observations were 
then made between Fish Bay and Snug Corner Cove. These observa- 
tions give a datum plane at Snug Comer Cove about a mean between 
the other two previously determined. 

No rocks or shoals dangerous to navigation exist within the limits 
of this sheet. This area is reported on in detail in descriptive report 
accompanying the boat sheet of this vicinity and will not be repeated 
here. 

While the Taku was engaged on the hydrographic work between 
Knowles Head and Red Head, a subparty worked from a camp in 
Fish Bay, extending the triangulation up Fidalgo Bay from the line 
Fish-Irish, determined by the party on the Taku in 1914. 

The observations for this were begun August 28 and completed 
September 9 and a system of quadrilaterals carried from the scheme 
of 1914 to the head of the bay. 
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The topographic work was done on one projection on a scale of 
1:20,000. This work was begun on September 11 and completed on 
September 29. It covers the whole of Fidalgo Bay and surrounding 
country from a line between Fish Bay and Irish Cove on the south 
to the head of the lagoon at the head of Fidalgo Bay. The contour 
interval is 100 feet. 

The shore line is rocky except at the heads of the bays along the 
flats, where it is low and marshy. 

The sounding extends from a junction with the work of the Taku 
executed by Assistant H. P. Bitter's party to the head of Fidalgo 
Bay, including Whalen Bay. It is controlled by the triangulation 
stations and signals located by the topographic party while that work 
was in proCTess. 

Fidalgo Bay is deep throughout its length and from shore to shore, 
ranging from 50 to 100 fathoms. Near its head it shoals quickly 
from 50 fathoms to 15 and 20 fathoms, sticky bottom, affording a 
good anchorage for all size craft. This shoaling is probably due to 
the depositing of silt brought down the valleys by the many glacier 
streams. 

A plain tide staff was erected in Fish Bay, on which a datum plane 
was established bj observations simultaneous with Landlock Bay sta- 
tion, established in 1914 by the party on the Taku. 

One triangulation station. Lor, near the head of Fidalgo Bay, was 
occupied for magnetics with declinometer No. 8 for magnetic varia- 
tion. 

The hydrographic work in Fidalgo Bay having been completed, the 
topographic party was left in camp in Fish Bay to complete the 
topography of Fidalgo Bay, and the other members of the party 
began the reconnoissance for extending the triangulation from Val- 
dez Arm to Columbia Bay on September 27. 

This work was handicapped by bad weather and little progress 
made. A station was marked on Bushy Island and other points 
visited with the steamer, but landing was impossible on account of 
heavy southeast swells. Nevertheless a tentative scheme of triangu- 
lation was laid out. 

On September 30 all work having been completed in Fidalgo Bay 
and the season too far advanced for further work to the westward of 
Valdez Arm, the party left Fish Bay for Cordova. 

From this date to October 6 the oflScers and crew were engaged on 
inventories and work preparatory to laying up the steamer for the 
winter. 

The small boats were hauled out at Orca and put in a shed ; and 
launch S9 was hauled out on a gravel beach near the winter moorings 
of the Taku, jacked up above nigh water, and securely moored and 
covered with old canvas sails and tents. 

The party left Cordova on the steamer Alameda on October 6 and 
arrived in Seattle October 12. The crew was discharged October 18. 

When opportunity offered during the season the chart agencies 
at Cordova and Valdez were inspected and reports made thereon. 

During the season data for the coast pilot and chart divisions were 
obtained whenever possible. 

A detached survey was made at Orca, locating the dock and suf- 
ficient signals for sounding work which was done around the dock. 
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When the trip was made to Valdez by launch to inspect the chart 
agency the docks at that place were measured, sketches of them made, 
and soundings taken along and off the faces of the docks. 

In addition to the above, data were obtained from masters of ves- 
sels regarding other docks on Valdez Arm and in Hobo Bay up 

Port Wells. 

In the course, of the season's work it became necessary to build 
special platforms for the automatic tide gauge. Two forms of sup- 
port were devised — one, for soft bottom, consisted .of long poles 
driven into the bottom upon which the structure^was built; the other, 
for rocky bottom, was a crib of poles and scantling weighted by 
ba^s of sand and gravel. 

A pipe line was constructed from a water supply on shore to fur- 
nish water directly into the tanks of the steamer. 

[R. S. Pattoiv, Commanding Steamer Explorer.] 

SuMMABY OF RESULTS. — ^Base lines : 1, secondary, 297.431 meters in length. 
Trlangulntion : 53 square miles of area covered, 10 signal poles erected, 8 
stations In supplemental schemes occupied for horizontal measures, 6 geographic 
positions determined. Leveling: 0.3 mile of levels run, 5 permanent bench 
marks established. Azimuth: 1 azimuth station occupied. Magnetic work: 
ship swung at one station at sea. Topography: 60 square miles of area sur- 
veyed, 87.8 miles of general coast line surveyed, 3 topographic sheets, scales 
1 : 20,000 and 1 : 2,500, finished. Hydrography : 2,415 square miles of aren 
covered, 3,452.9 miles run while sounding, 7,317 angles measured, 14,260 sound- 
ings made, 3 tide stations established, 1 current station occupied, 7 hydro- 
graphic sheets finished, scales, 1:120,000. 1:60,000, 1:20,000, 1:10,000, and 
1 : 2,500. 

At the beginning of the fiscal year the steamer Explorer was en- 
gaged in the survey of the approaches to Cook Inlet, Alaska. Prog- 
ress made during June is stated in the last annual report. 

The work contemplated by the instructions to this party included : 
First, and most important, the hydrography from a line between 
Pve and* Marmot Islands and from the shores southward to deep 
water in latitude 60® 40', thence westward through the pass between 
the Chugach and Barren Islands to longitude 153^ and north to the 
latitude of Seldovia ; second, the topography and inside hydrography 
from Port Graham to Point Gore ; third, a search for two shoals of 
doubtful existence shown on the chart south of the Barren Islands; 
fourth, additional surveys in Port Graham and Port Chatham. 

Of the above work the following was accomplished : The general 
ship work within the limits mentioned was completed, including a 
search for the break (existence doubtful) shown on the chart 10 
miles south of East Chugach Island and for the 13 and 17 fathom 
soundings east of the Barren Islands. The topography was carried 
from Port Graham to the point at the southern entrance to Windy 
Bay, including the survey of the three islands of the Chugach group. 
The inshore hvdrography was carried from Port Graham to the 
western end of East Chugach Island, and^ in addition, Gore Rock 
was located and developed. Sufficient tnangulation was done to 
determine one station at the western entrance to Port Dick, such a 
station being essential as an initial point for the topographic surveys 
in the vicinity. Additional detailea work was done in Port Graham 
and Port Chatham. 

64645*"—: 
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The inshore hjdroCTaphy was done by both ship and launch work- 
ing in conjunction, the strong currents and rough water making it 
impossible to use pulling boate or outboard motors on this work. 

The sounding by the ship in all depths of over 20 fathoms was 
done by means of pressure tubes, up and down soundings being taken 
with sufficient frequency to furnish a check as to the accuracy of the 
tubes. 

The topography and launch hydrography were done in the usual 
manner. 

The launch was equipped this year with a steam sounding machine 
which gave excellent results. 

On September 30 the Explorer sailed from Seward on her return 
south. 

Chart agencies at Haines and Juneau were inspected on October 
8 and 4, respectively, and the vessel arrived at Seattle on October 9. 

[R. R. LuKENs, Commanding Steamer YMfcon.] 

SuMMABY OF BESULTs. — Tmverse I 22 miles of traverse line run. Triangula- 
tion: 100 square miles of area covere<l, 18 signal poles erected, 2 observing 
tripods and scaffolds built, 12 stations in main scheme occupied 'for horizontal 
measures, 14 geographic positions deterniine<l. Ixjveling: 2.5 miles of levels 
run, 4 permanent bench marks establishetl. Magnetic work: 3 land stations 
occupied for magnetic declination. Topography : 22 miles of general coast line 
surveyed, 2 topographic sheets finished, scale 1 : 20,000. Hydrography : 64 
square miles of area covered, 398.6 miles run while sounding, 1,668 angles 
measure<l, 8,102 soundings made, 5 tide stations established, 9 current stations 
occupied, 2 hydrographic sheets finished, scales 1 : 20,0(X) and 1 : 200,000. 

The party for the survey of the Kiiskokwim River was landed at 
Goodnews Bay, Alaska, by the steamer Alliance on June 22, 1915. 
All of the freight intended for the steamer Yukon was put on shore 
on the morning of the 23d, and on the following day the Alliance left 
Goodnews Bay for Bethel. 

H. A. Cotton was detailed to accompany the Alliance to Bethel 
and from there to proceed up the river on the steamer Quickstep, 
He was instructed on this trip to make a running survey of tne 
river and to collect all available information concerning the geog- 
raphy and commercial aspects of the country. This duty was wdl 
performed. 

While on the way to Bethel, Mr. Cotton navigated the Alliance 
through, the complicated channels of Kuskokwim Bay and RiTer 
delta and up Eek Channel by means of three-point fixes on the dis- 
tant mountains. 

The main party at Goodnews Bay immediately made preparations 
for launching the Yukon, The Yukon was put in the water on the 
morning of June 28, and on July 2, everything being in readiness, 
the vessel sailed for Apokak. A stop was made at Carter Spit, where 
a large beacon was built to be used for navigational purposes. By 
means of this beacon a position may be obtained near the entrance 
of Eek Channel in hazy weather, when the mountain peaks are 
invisible. 

The Yukon arrived at Apokak at noon on July 3, and after land- 
ing supplies, coaling ship, etc., active survey work was begun on 
July 6. Hydrographic work in the West Channel abreast Eek 
Island was first taken up. Rainy weather prevailed, but the work 
was continued until July 24, when it was dropped to take up the 
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f precise traverse, 22 miles in length, connecting the Eek Island and 
Toodnews Bay triangulation schemes. 

This traverse covers a shore line that is almost inaccessible owing 
to the extensive mud flats making out into the bay. It is only on 
the higher tides that even a dory can get near the shore. Advantage 
was taken of the higher tides during the month to land lumber for 
the signals to be used in carrying along the azimuth of the traverse. 
A large tower signal was built on Warehouse Bluff to be used also 
as an aid to navigation. 

During the greater part of the work the Yvkon was anchored in 
Warehouse Creek, the traverse work being carried in both directions 
from there. The lower end of the work was done from a camp* at 
Quinhagak, the party being transported there and back by the steam 
launch Alpha, The* channel off Quinhagak appears to be shoaling 
as it was difficult to take the Alvha into the Kanektok River, while 
it is said that in years past gooa-sized schooners have gone into the 
river here. 

The traverse was completed on August 9. It proved to be a more 
difficult task than had been anticipated. Several deep tidal sloughs 
were encountered, and much of the line ran over soft or marshy 
tundra. 

The results of the traverse showed the Eek Island datum to be 
f^omewhat in error, but not enough to affect navigation. The azimuth 
as carried from Goodnews Bay and from Apokak varies only by seven 
seconds, there being 80 miles of traverse and triangulation involved. 

Upon the completion of the traverse, hydrographic work in Eek 
Channel was begim. The upper part of this channel for a distance 
of 5 miles was developed and the crossover to the West Channel 
was closely surveyed. This crossover was marked by a range con- 
structed on the west bank at Popokamute. In order to use the large 
tower signal as a front mark two tripods were erected as rear marks, 
each equidistant from the range line. This range proved very 
effective, being easier to follow than the usual type where the low 
mark is in front. This crossover has been a difficult one to navigate, 
but with the present ranges the difficulty is much lessened. 

On August 15 the Warehouse Channel was developed as far as 
Quinhagak. This work is controlled by distant mountain peaks, and 
perfectlv clear weather is required to see them. The Warehouse 
Channel is not a practicable one for entering the river but is often 
used by vessels desiring to discharge cargo for Quinhagak. 

During the present year the power schooner Ruby discharged 
cargo at Quinhagak, then crossed over to Eek Channel at high water, 
and proceeded up the river by that channel. 

On August 19 the Yukon proceeded to Bethel, where certain con- 
demned property was sold. 

The Yukon was taken hj an old native pilot through the channel 
along the east side of the river just above Eek Island. There seems 
to be a good channel here, but the pilots are not very familiar with it. 
The track of 1914 was then followed until Fowlers Slough was 
reached, where a channel just outside the island was followed. 

On August 29 the Yukon with the Alpha in tow proceeded to Good- 
news Bay, and on September 6 was convoyed by the steamer 
Patterson to Kings Cove, being delayed by stormy weather en route. 
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The Yukon and Alpha were laid up at this place, and on October 8 
the party took passage for Seattle, arriving on the 23d. 

[H. A. Cotton.) 

A reconnoissance of the Kuskokwim River above Bethel was made in 
July, 1915, by H. A. Cotton, who was detailed for that purpose fi-om 
the party on the steamer Yukon. 

Transportation was furnished by the river steamer Quickstep^ 
which is operated during the summer freighting supplies up the river 
from Bethel, the head of deep-water navigation and the main supply 
point for the whole river valley. 

A reconnoissance survey of the river as far as Bethel had been made 
by the party on the steamer Yukon in 1J914, connecting that point 
with the surveys at the mouth of the river. The object of the recon- 
noissance in 1915 was to cany the reconnoissance up the river as far 
as McGrath, and to gather such information as might be useful for 
navigation and for mapping the upper part of the river. 

Using Bethel as a starting point a traverse was carried up the river 
to be checked by such geographic positions as could be determined 
during the journey or secured from other sources. 

Upon the traverse as a framework the shore line of the river and 
adjacent topography were sketched by noting bearings and distances 
to prominent points. Heights of peaks were estimated or roughly 
determined by angles of elevation when an approximate distance 
could be secured. 

A full report was submitted describing the river and tributaries 
and the region through which it flows, as far as the examination ex- 
tended. 

The Kuskokwim is navigable for steamers drawing not more than 
4^ feet for 600 miles above its mouth. 

[Edoab E. Smith, Ck)mmandiDg Steamer Taku.] 

SuMMABT OF RESULTS. — Trlangulatloii : 5 signal poles erected. Leveling : 
One-fourth mile of levels run. Topography: 8 square miles of area surveyed, 
15 miles of general coast line surveyed, 12 miles of roads surveyed, 2 topo- 
grapliic sheets partly finished, scale 1 : 20,000. Hydrography : 22.5 square mUes 
of area covered, 344.9 miles run while sounding. 1,820 angles measured, 12,703 
soundings made, 2 tide stations established, 4 hydrographic sheets begun, scales 
1 : 80,000 and 1 : 20,000.. 

In April, 1916, a party for the Taku was organized at Seattle. 
One officer and two men of this party arrived at Cordova, Alaska, 
on April 25, and at once began to prepare the vessel for the season's 
work. The chief and other members of the partv arrived at Cordova 
April 29. 

During May the Taku was overhauled and repaired, a camp was 
established on Orca Island, an automatic tide gauge erected and con- 
nected with bench marks by leveling, and fiejd work was begun. 

After the first week in June good progress was made. A week was 
spent on a reconnoissance as far as Kokenhenic. Three days of this 
tmie were spent in a search for a channel in the stream from Koken- 
henic to the railroad bridge at Alaganik. This examination was 
made at the request of the local cannery company. It was found 
that the desired channel does not exist. 
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An automatic tide gauge was established at Cape Whitshed, and 
a continuous record was obtained from the middle of May to the 
close of the fiscal year. 

In Orca Inlet all triangulation stations were readily found, but 
none of those established in the delta flats could be discovered. It 
was accordingly arranged to extend the triangulations over the flats. 

On beginning the sounding it was necessary to do first that work 
which would enable the Taku to pass freely from one part of the 
workinff grounds to another. The hydrography done during the first 
part of the season therefore extends along the channels from Cor- 
dova to Alaganik Slough and to Boswell Bay, but the development 
in those places was not completed. 

At the request of the War Department a topographic survey was 
begun of the military reservations at the head of Orca Inlet. 

[H. C. DExNson, Ck>mmandiug Steamer Patter son,^ 

SuMMABT OF RESULTS. — Base Hnes I 1, length 1,188 meters. Triangulation: 
400 square miles of area covered, 44 signal poles erected, 22 stations occupied 
for horizontal measures, 46 geographic iwsitions determined, 6 stations occupied 
for vertical measures, 32 elevations determined. Magnetic work: 2 land. sta- 
tions occupied for magnetic declination. Topography: 40^ square miles of 
area surveyed, 105 miles of general shore line surveyed, 481 miles of shore 
line of ponds surveyed. 4 topographic sheets finished, scales 1 : 5,000 and 
1 : 20,000. Hydrography : 1,339 square miles of area covered, 2,618^ miles run 
while sounding, 15,660 angles measured, 17,711 soundings made, 1 tide station 
established, 5 hydrographic sheets finished, scales 1:50,000; 1:20,000 and 
1 : 10,000. 

The Patterson sailed from Port Townsend for Alaska on June 3. 
stopped at Ketchikan for coal and supplies, and arrived at Kodiak 
on June 15. The voyage to the Shumagin Islands was resumed 
the following day. 

A stop of two days was made at Whale Island Pass to locate 
a rock reported by the steamer Santa Ana. After this work was 
accomplished the vessel proceeded to Mist Harbor, Nagai Island, 
Shumagin Group, arriving there on the afternoon of June 21. The 
vessel was anchored for the remainder of the month in Mist Harbor, 
all hands being employed in establishing a camp for the shore party. 

Between July 1 and 19 trips were made to different islands of the 
gi'oup transporting signal building and reconnoissance parties. 

During the interval from July 20 to 28 the vessel maae a voyage 
to and from Unalaska, a distance of 520 miles, remaining at that 
point three days to obtain coal and clean boilers. 

On returning to the working grounds the weajther conditions were 
unfavorable for offshore hydrogiaphy until July 21, but from that 
date until August 25 the vessel was constantly engaged in this work. 

On August 26 the Patterson left the Shumagin Islands for Good- 
news Bay, via Unalaska for coal, to convoy the steamer Yukon to 
Tsanotski Strait. Unfavorable weather conditions were encountered 
during the trip and at Goodnews Bay, where the vessel was delayed 
for three days. 

On September 6 the Patterson and the Yukon left Goodnews Bay. 
Bad weather was encountered on September 8 when within 10 miles 
of Isanotsid Strait. 

When the Yukon had safely passed over the bar into protected 
waters the Pattenon proceeded to Unalaska, arriving September 9, 
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and thence to the camp site in the Shumagin Islands, arriving Sep- 
tember 16. 

The vessel was engaged in offshore hydrography from October 1 
to 5. On October 6 and 7 the camp ecjiiipment was brought on 
board, and the vessel sailed for KodiaK, via Uyak Bay, on the morn- 
ing of October 8. 

On October 10 an investigation was made of Harvester Island Spit 
where the steamer Bertha had grounded. 

On the way from Uyak Bay to Kodiak observations were made to 
investigate reported magnetic disturbances in Kupreanof Strait. 
No indications of such disturbances were found. 

The Patterson left Kodiak October 18 and arrived at Seattle 
November 8. 

The triangulation done during the season was confined to the 
Shumagin (iroup, that on the adjacent mainland having been com- 
pleted during the preceding season. After si^^nals had been erected 
over the selected points in the main scheme weather conditions be- 
came such that no observations on the longer lines could be made. 
Consequently an auxiliary base of 1,100 meters was measured and 
connected with one of the lines of the previous season's work, thus 
furnishing data for use by the top()grai)liic and inshore hydrograpliic 
parties. All stations were permanently marked, and sutticient geo- 
graphic jmsitions were determined to permit the continuation of next 
season's work without delay. The positions of all of the principal 
mountain peaks in the Shumagins have been determined. 

Topographical work was completed on the east coast of Nagai 
Island from Cape Wedge to a point 5 miles south of East Bight and 
on Peninsula Island, Spectacle Island, Bendel Island, Turner Island, 
and the greater portion of the west shore of Big Koniuji Island. 
This work was accomplished under difficult conditions, the shore line 
being very precipitous and landing difficult. 

The inshore hydrography is complete along all of the coast sur- 
veyed, with the exception of Turner Island, which remains to be 
done. Many anchorages were developed, but Mist Harbor is the 
only protected one falhng within the area surveyed. 

Tf'he olFshore hydrography covers the area between the Shumagins 
east of Nagai Island and the main land as far east as Chiachi Idand. 
Sufficient points determined during the previous season were avail- 
able for this work. 

An area of 1,227 square miles was developed without finding any 
obstructions to navigation. The depths range between 30 and 100 
fathoms, and soundings were spaced according to the depths and the 
character of the bottom. Bassnett pressure tubes were used in this 
work up to depths of 90 fathoms. Y or greater depths the vessel was 
stopped and up and down casts were made. The submarine sentry 
set at 20 fathoms was towed during the entire time that the ship was 
employed on this work and at all other times while cruising among 
the islands. 

In order to tow the sentry while using the pressure tubes, an out- 
rigger with proper pulley arrangements was placed on the starboard 
quarter, ana the towing wire leading to the sentry thus cleared the 
sides of the vessel about 6 feet, so that fouling with the sounding 
wire was avoided. 
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A search was made for a reported kelp patch surrounded by 22 
fathoms or more of water off the north coast of Unga Island. No 
kelp or other indication of shoal water was found. 

A development of the area about Tuscarora Rock, Unalaska, was 
made. Investigation of the spit extending from Harvester Island, 
Uyak Bay, and development work in Whale Island Pass, Kupreanof 
Strait, were parts of the work done during the season. 

Unsurveyed anchorages in the Shumagm Islands were visited, in- 
cluding Northeast Harbor, Sandy Cove, Northwest Harbor, Little 
Koniuji Island, and Yukon Harbor, Bi^ Koniuji Island. 

An automatic tide gauge was established at Mist Harbor, and a 
continuous record for three months was obtained. 

In order to avoid the necessity of taking water aboard in small 
boats, a water-supply system was arranged by damminf^ a small 
stream and building a pipe line which could be connected with a hose 
from the vessel. Taking water in this way obviated running the 
evaporator and resulted in a saving of coal. 
" An economical method was devised for coaling ship, by means of 
which much time and labor were saved. 

Through the recommendation of the inspector at Seattle a whale- 
boat was fitted with a motor and proved to be the most serviceable 
and economical of all the motor boats carried by the Patterson. 

[J. W. Green.] 

The usual observations were continued without interruption during 
the year with the photographic recording instruments at the magnetic 
observatory at Sitka. 

Absolute observations, consisting of three sets of declination, two 
sets of dip, and the regular double set of horizontal^ intensity, were 
obtained on one day of each week. Time observations from noon 
transits of the sun were obtained when practicable. 

Eleven magnetic storms were recorded during the year, six of^ 
greater and five of less intensity. 

The seismograph was kept in constant operation throughout the 
year, and 19 eartnquakes were recorded, all of small magnitude. 

Arrangements were made for the erection of a new ofnce and resi- 
dence building for the observatory. 

Porto Rico. 
[Habold W. Pbasb.] 

At the magnetic observatory at Vieques, P. R., a continuous record 
has been obtained from the magnetograph and seismograph. 

Absolute observations were made twice each week. Scale-value 
observations were made at least once each month. Time observa- 
tions were made about once in 10 days. 

Twenty earthquakes of slight intensity were recorded during the 
year. 

Necessary repairs to the observatory property have been made, 
and a house for the maximum and minimum thermometers has been 
constructed. 
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HAWAn. 
[Wm. Walter Merbtmon.] 

The usual magnetic, seismographic, and temperature variation 
observations have been recorded continuously during the year at the 
magnetic observatory at Ewa, Hawaii. 

The re^lar routine work of the observatory had been attended 
to^ includmg the work of keeping the recording instruments in oper- 
ation, taking weekly absolute observations of the mag^netic com- 
ponents, carmg for the observatory property, and keeping up the 
usual reports and correspondence. 

During the year, 24 magnetic storms and 139 earthquakes were 
recorded. 

Meteorological observations were made twice daily and sun alti- 
tudes for time about four times each month. 

Philippine Islands. 

[W. C. HoDGKiNS, Director of Coast Surveys, July 1, 1915, to March 1, 1916; 
Fremont Morse, Director of Coast Surveys, March 2 to June 30, 1916.] 

No change was made during the year in the general plan of coop- 
eration between the United States and the Philippine government, 
and the division of expenses has continued as in previous years. In 
effect the Federal Government pays about two- thirds of the expenses 
incidental to the work and the Philippine government one-third. 
The appropriations made by the Philippine Legislature now cover 
a fiscal year that is identical with the calendar year, so that the period 
covered by this report comes under two different Philippine appro- 
priations. Both of these were liberal in amount, especially when the 
local conditions due to the European war are considered. 

The steamers of the Survey were actively engaged during most of 
the year, being absent from the field only for the purpose of renew- 
ing coal and other supplies and having the necessary repairs made, 
except that the Fathomer was laid up owing to lack of funds during 
October, November, and December. 

The work of the Manila office was conducted bv the director, the 
chief clerk, and the chiefs of the four divisions of the office force. 

The computation and adjustment of the triangulation, the reduc- 
tion of soundings and tidal observations, and the registration and 
classification of the records of the triangulation, hydrography, and 
tides were continued. Information required for the use oi field 
parties and for other purposes was supplied. 

The automatic tide gauge at Manila was kept in operation. 

The work of collatmg the work of the field parties engaged on 
topography and hydrography in order to produce charts needed for 
the use of navigators was continued. After the completion and veri- 
fication of the drawings for such charts, tracings are made and 
sent to the office at Washington for publication and issue. 

The collection and preparation lor publication of all kinds of 
nautical information was continued. The collection, compilation, 
and preparation of topographic information concerning the interior 
of the islands were continued in the geographical division. One new 
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lithograph man, No. 15, Cebu and Bohol, was published, and draw- 
ings for map No. 8, Southern Luzon (central sheet), were sent to 
Washington for publication. Progress was made in the compilation 
of a number of other maps of this series. 

[R. B. Derickson, Ck)inmanding Steamer Pathfinder, July 1-16, 1915.] 

SuMMABY OF RESULTS. — ^Triangulation : 2 stations occupied for horizontal 
measures. Topography : 9.8 miles of shore line surveyed. Hydrography : 112.6 
square miles of area covered, 4,603 soundings made, 2 tide stations established. 

At the beginning of the fiscal year the steamer Pathfinder was 
engaged in a survey of San Bernardino Straits and approaches, 
the principal object of which was to determine the existence or 
nonexistence of a reported 3-fathom rock 1.4 miles south-southeast 
of San Bernardino Island, and said to have been struck by the 
United States Army transports Sherman and Dix while entering 
the straits south of San Bernardino Island. 

Six stations of the former triangulation were recovered, and three 
additional points were determined for control of the hydrography. 

A tide staff was erected at the boat landing on San Bernardino 
Island, and tide observations were recorded from June 9 to July 16. 

An area 18 square miles was closely developed by lines of sound- 
ings spaced approximately 100 meters apart, and no dangers were 
found in this area other than those adjacent to San Bernardino 
Island. 

The survey covers in all an area of 112.6 square miles. The most 
important discovery was a 4-fathom rock six-tenths mile east of 
San Bernardino Light. 

A channel 350 meters in width with 9 fathoms of water separates 
this rock from th^ rocks adjacent to the coast of the island. A sharp 
rock with 6 fathoms over it was discovered li miles northwest of 
Biri Head. This rock is surrounded by 32 fathoms. The limits 
of the surveyed area extend three-tenths mile inshore from the dis- 
covered pinnacle. 

About 3 miles west from the north end of Macarite Island a 
shoal with a least depth of 8 fathoms was found where 16 and 
18 fathoms are charted. 

On the banks north-northeast of San Bernardino Island a least 
depth of 11 fathoms was found, and on the long coral reef 6 miles 
northeast by north of San Bernardino Island a least depth of 14 
fathoms was found. This reef extends in an east and west direction 
and is about 3 miles long and approximately 200 meters wide. It 
is composed of white sand and is distinctly visible at a distance of 
half a mile. 

Off the southwest comer of the specially developed area the water 
deepens abruptly from 45 fathoms to depths of 90 and 100 fathoms 
extending in a narrow channel down the axis of the straits. There 
is also a small basin with 55 fathoms extending in a northeast 
and southwest direction in mid-channel between Biri Head and San 
Bernardino Island. The completed work extends from the limits of 
the survey by the steamer Research west of Simaga Point, in a north- 
east by north direction to the parallel of 12® 50', through the passage 
southeast of San Bernardino Island, and is sufficient to show that a 
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good clear channel exists for vessels passing in and out of the 

straits. 

The currents in San Bernardino Straits were observed and their 
direction and velocity noted. 

The flood tidal current comes from the southwest, while the ebb is 
from the northonst. The velocity of flood tide was estimated at 8 
knots and the eM) at alx)ut 4 knots. The tidal current is strongest 
at and northeast of a line joining Biri Head and San Bemaraino 
Island. 

A survey was made of Bobon Anchorage and extended in a north- 
west direction through the channel south of Cabauan Island and 
into Biri Channel as far as the anchorage west of Makadlao Island. 
The entire anchorage was developed and also the inshore hydrog- 
raphy extending from soutli of Tinau Island around to the northeast 
side of the Balicuatro Islands to the north end of Talisav Island. 

A small bay in the Balicuatro Islands is the only typnoon anchor- 
age in the vicinity of San Bernardino Straits. 

A reported 3-iathom shoal south of Wright Shoal was examined 
and a least depth of 5 fathoms found. 

[R. B. Derickson, CJomiimnding Steamer Pathfinder, July 16 to October 81. 

1915.] 

Summary of besults. — Topography : 20 miles of general coast line surveyed, 
7 miles of shore line of rivers surveyed, 9 miles of roads surveyed, 1 topographic 
sheet finished, scale 1 : 20,000. Hydrography : 160 square miles of area cov- 
ered, 1,006 miles run while sounding, 6,953 soundings made, 1 tide station estab- 
lished, 1 current station occupied, 1 hydrographic sheet finished. 

The survey of San Bernardino Straits in progress on July 1 was 
continued until July 16, when the Pathfinder proceeded to Manila 
for docking and repairs. 

On August 17 surveys were begun at the entrance of Manila Bay and 
were continued until September 23. During this period typhoon 
weather prevailed at times, but the work across the entrance to the 
bay was completed, joining previously completed work off Jamelo 
Cove and westward of Mariveles. The south channel was completed 
as far in as San Nicholas Shoals. The topography of the south shore 
was completed from north of Jamelo Cove to San Nicholas Shoals. 

A small amount of triangulation was done in order to determine 
sufficient points along the coast for control of the topography and 
inshore hydrography. 

[T. J. Maheb, Commanding Steamer Pathfinder, December 11, 1915, to February 

4, 1916.] 

Summary of resulta. — Base lines : 1, secondary, 8,380.513 meters In length ; 
1, tertiary, 2,058.87 meters in length. Triangulation: 52 s(iuare miles of area 
covered ; 17 signal poles erected ; 1 observing tripod and scaffold built, height 
130 foot; 14 stations in supplement Jil schemes occupied for horizontal monsnres. 
Mngnetic work : ship swung nt one station at sea. Topography : 9 square miles 
of area surveyed, 23.4 miles of general coast line surveyed, 2 topographic sheets 
partly finished. Hydrography : 1,866.8 square miles of area covei^d, 1,853.6 
miles run while sounding, 1,435 angles measured, 4,980 soundings made, 1 tide 
station established, 1 hydrographic sheet finished, scale 1 : 20,000. 

To the Pathfinder was assigned the triangulation at the sonth end 
of Palawan Island, where in December a base line was selected on 
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Mantangule Island. The base was measured, and the erection of 
simals was be^un before the ship returned to Manila. 

Hydrographic work was done southwest of ^indoro and the Semi- 
rara Group over an area previously surveyed by the Fat homer, 

A line of soundings was be^un at Imalauan and run to Piedra 
Blanca, thence south to Calusa Island, Cavilli and Arena Islands to 
Jessie Beazley Beef, the location of which was determined. The 
ship then proceeded to South Islet Light. Afterwards a line was 
run from Jessie Beazley Reef towards Nicholson Shoal and thence 
to South Islet, on which a landing was made to determine the rela- 
tive position of the islet and Jessie Beazley Reef. The ship then 
Sroceeded south to Quesada or South Tubbataha, sounding en route. 
To indications of a shoal were foimd. The vessel then proceeded 
to Balabac, where an automatic tide gauge was set up and recon- 
noissance begun. A base site was selected on Mantangule Island and 
the clearing of the site begun. In the meanwhile a shoii; base 2,058.87 
meters long was measured from which to start a small scheme of 
trian^lation. Triangulation, topography, and hydrography were 
then begun, and the principal base line 8,886.513 meters m length 
was measured. 

On February 8 the vessel returned to Manila, sounding en route 
and running past Ginn and Wakefield Shoals. Indications of an- 
other shoal were found in an area in which no soundings had pre- 
viously been taken. 

Sounding was discontinued at Imalauan Shoal and the course 
set for Manila. 

The command of the vessel was transferred on February 14. 

[H. O. Denson, Commanding Steamer Pathfinder, Febmary 14 to June 80, 

1916.] 

SuMMABY OF RESULTS. — ^Triangulation : 685 square miles of area covered ; 22 
signal poles erected; 8 observing tripods and scaflPolds erected, heights from 
96 to 235 fei't ; 9 stations in main scheme occupied for horizontal measures ; 
16 stations in secondary scheme occupied for horizontal measures; 13 stations 
occupied for vertical measures ; 32 geograpliic positions determined ; 1 azimuth 
station occupied. Topography: 66 square miles of area surveyed. 86 miles of 
detail coast line surveyed, 1 topographic sheet finished and 4 partly finished. 
Hydrography : 83 square miles of area covered, 1,550 miles run while sounding, 
21,966 sounding taken. 1 tide station established, 2 hydrographic sheets 
finished. 

Between February 17 and 25, the Pathfinder was engaged in a 
preliminary survey at the entrance to Manila Bay. 

The vessel proceeded on March 4 to Balabac and arrived on the 
working ground on March 8. On the following day field operations 
were begun in the vicinity of Balabac and were in progress at the 
south end of Palawan Island on June 30. 

At 11.30 p. m. June 23 the Path-finder responded to an SOS call 
from the Spanish steamer Fernando Poo. which vessel was found 
stranded on Tubbataha Reef, Sulu Sea. The passengers, mail, and 
baggage were transported from the wreck to Iloilo. 

The triangulation was expanded from the Mantangule base, previ- 
ously measured, through three figures northward to I^alawan Island 
and one figure to the southward to Balabac Island, all covering an 
area of 695 square miles. 
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Unusual difficulties had to be surmounted in the triangulation. 
Eight of the nine stations occupied in the main scheme were scaffold 
signals ranging in height from 96 to 235 feet, which had to be con- 
structed by the ship's force alone as no other labor was available. 
With the exception of one signal, all of the timber used was cut in 
the adjacent forests, and quite often had to be transported by hand 
2 miles to the station site. 

The topography includes the coasts of the following islands : Byan, 
Gabung, Ramos, Caxisigan and parts of Bugsuk, Fandanan, Ban- 
calan, and Balabac. All of these islands with the exception of Bala- 
bac are low and heavily wooded, the entire coast line being fringed 
with dense mangrove swamps. 

While en route from Balabac to Sandakan and to Zamboanga, 
deep-sea soundings were taken. The depths obtained on the course 
between Balabac and Sandakan, via Cagayan Island, correspond 
with those shown on the chart. ' No dangers to navigation were 
found on the course followed by the Path-finder, En route to Zam- 
boanga, soundings were made over the area marked Quesada Reef, 
latitude 8° 05' N., longitude 119° 50' E., but no indications of shoal- 
ing were found, the depths recorded being in excess of 2,000 fathoms. 

On the return voyage from Zamboanga a search was made for the 
rock marked "P. D." south of Quesada Reef, but nothing was 
found. 

Inshore hydrographic work was confined to the waters between 
Pandanan, Bancalan, Mantangule, and Bugsuk Islands, and a de- 
tailed survey of Port Ciego, noilh coast of Balabac Island. The 
survey of Port Ciego developed a protected harbor, the entrance to 
which, however, is obstructed by numerous reefs with deep-water 
passages between them. 

An automatic tide ^auge established at Balabac March 9 was kept 
in continuous operation. 

[T. J. Maheb. Commanding Steamer Fathomer, July 1 to October 31. 1915.1 

SuMMABY OF BESULTS. — Triangulatlon : 184.2 square miles of area covered, 
7 signal poles erected, 3 stations in main scheme occupie<l for horizontal meas- 
ures, 4 stations in supplemental schemes occupied for horizontal measures, 4 
geographic positions determined. Topography : One-twelfth square mile of area 
surveyed, 1 mile of general coast line surveyed, 1 topographic sheet finished, 
scale 1 : 20,000. Hydrography : 608 square miles of area covered, 3,386.7 miles 
run while sounding, 12,941 angles measured, 34,661 soundings made. 10 current 
stations occupied. 1 hydrographic sheet partly finished, scale 1 : 100,000. 

Work was continued by the steamer FatJuymer during the season 
of 1915 in the region in the northern part of the Sulu Sea, from 
Nogas Island Li^ht to Apo Reef from Panay and Mindoro westward 
across the Calamianes Group. 

On July 1 the vessel was at work between Panay Island and the 
Cuyos. Two large gaps in the hydrography in that locality and 
numerous gaps in the hydrography of the northern parts of the 
Cuyos were filled in. Areta Shoals and the Chinaman Shoals were 
developed and additional work was done on Luzon Bank. Atten- 
tion was paid to the area in the vicinity of Sombrero Rock, which is 
steep-to, rising out of deep water. 
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A shoal, with 18 fathoms on it, three-fourths mile northwest by 
north from the rock was developed. A depth of 87 fathoms was 
found between the two. Indications of the existence of this shoal 
were given by the submarine sentry. Sombrero Eock was occupied 
and connecteci by triangulation with the Cuyo Group. 

The progress of the work was restricted by a shortage in the 
appropriation for coal. Ship work was stopped and inshore work 
in the vicinity of Cuyo Island was taken up. A small scheme of 
triangulation to locate the wireless station at Cuyo and points on 
Bararin Island was finished, and some hydrography was done with 
small boats. 

On September 29 the ship sailed for Manila, making soundings en 
route. The automatic tide gauge at Port Uson was discontinued. 

All shoals in the Sulu Sea between Panay and Cuyos and between 
Mindoro and Busuanga have been located and developed. The gen- 
eral system of hydrography has been finished. The waters are now 
charted from Apo Passes to Nogas Island Light, and safe courses 
can be run over surveyed waters from Apo Reef Light to Iloilo. 
Since 1911 over 30,000 miles of sounding lines have been run in this 
area. In the ship work every second sounding has been located by 
angles to mountam peaks or summits; none depend on dead reckon- 
ing or compass bearings. 

[F. B. T. SiEMs, Commanding Steamer Fatfiomer, January 1 to February 12. 

1016.] 

Summary of besults. — ^Triangulation : 39 square mUes of area covered, 9 sig- 
nal poles erected, 6 stations in supplemental schemes occupied for horizontal 
measures, 8 geographic positions determined. Topography: 42 square miles of 
area surveyetl, 23.1 miles of general coast line surveyed, 2.5 miles of rivers sur- 
veye<l, 2.3 miles of roads surveyed, 1 topographic sheet finished, scale 1 : 20,000. 
Hydrography : 56 square miles of area covered, 617.1 miles run while sounding, 
3,397 angles nie»sured, 19,143 soundings made, 2 tide stations established. 

On January 8, 1916, the repairs and outfitting of the steamer 
Fathomer being completed the vessel left Manila for Green Island 
Bay, east coast of Palawan Island, to take up temporarily work in 
the region where the steamer Romblon had been working during the 
previous year. 

The hydrography completed consists of a stretch of inshore hy- 
drography for 13 miles along the coast of Palaw^an westward from 
Flechas Point, and extending offshore 2 to 4 miles. This inshore 
area is freer from shoals than the area farther offshore, and it is 
thought probable that a practicable inside route will be developed. 
One course was run by the steamer Fathomer from Flechas Point to 
Shell Island over the above surveyed area, sounding and using the 
submarine sentry, without finding any irregularity in depths. 

The topography was extended 13 miles along the Palawan coast 
westward from Flechas Point. A careful topographic survey was 
made of prominent peaks near Flechas Point. The following small 
off-lying islands were included in the topography: Green, Reef, 
Puerco, and Shell Islands. 

One quadrilateral of the coastal scheme of triangulation was com- 
pleted and another quadrilateral was added to the scheme, extending 
this triangulation to the line Islet-Campo. 

An automatic tide gauge was established at Puerto Princesa and a 
subsidiary staff at Green Island. 
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[John W. Matjptn, Oommandlng Steamer Fathomer, February 12 to June 80, 

1916.] 

SuMMABT OF RSsm.T8. — RecouDoissance : Length of scheme 62 miles. 776 
miles of area covered, 48 lines of intervisibility determined, 25 points selected 
for scheme. Triangulation : 708 square miles of area covered; 19 signal poles 
erected, 18 observing scaffolds and tripods built, heights from 30 to 143 feet; 
15 stations In main scheme occupied for horizontal measures; 1 station in 
supplemental scheme occupied for horizontal measures; 13 stations occupied 
for vertical measures; 18 geographic positions determined; 20 elevations de- 
termined trigonometrically. Physical hydrography : 500 miles run in deep-sea 
sounding, 34 deep-sea soundings made. 

On March 6, after having been repaired and outfitted at Manila, 
the steamer Fathomer sailed for her working grounds on the south- 
eastern coast of Mindanao to take up the work cf carrying the main 
triangulation southward from the line Binaca-Turukan. 

During the remainder of the fiscal year this triangulation was 
extended through seven figures over a distance of about 50 miles. 

On the passage to Zamboanga a line of deep-sea soundings was 
taken up near Xogas Island Lighthouse and continued toward Ba- 
silan Strait. Tn this work difficulty was ex^iXM'ienced with the sound- 
ing apparatus, which was out of repair, causing frequent breakage 
and loss of sounding wire and other equipment. The apparatus 
was afterwards thoroughly overhauled and put into working con- 
dition. 

Field work was begun at Linao Bay on March 13. Three and 
sometimes four parties were kept in the field continuously from this 
date until the close of the season. 

The work of reconnoissance was done by the ve&'sel and was kept 
well in advance of the work of the shore parties at all times. Points 
were selected and temporarily located by sextant cuts and bearings, 
and lines of intervisibility were determined either from the ship or 
from small boats or sometimes from land stations. In this work 
the entii'e triangulation scheme was laid out, and the points selected 
were ready for the signal-building party. 

The conditions under which the shore parties labored were ex- 
tremely arduous. The country is covered with a growth of large 
trees, some of which are upwards of 200 feet in height and most of 
them of very hard wood. These trees had to be eitlier 'leared out or 
scaffolds built to see over them, or partly both. The topography is 
very rugged and mountainous and a heavy troj)ical undergrowth 
adds to the difficulties of travel on foot, so that the parties always 
selected stream beds for ingress whenever they were available. All 
of the hardships of camp life in the Tropics wore experienced by 
these parties. 

Native guides were employed when obtainable and their services 
were practically indispensable in some cases. 

In laying out the scheme of triangulation overv effort was made 
to use the most economical length of line and to advance the work 
as rapidly as possible, consistent with the standards for strength of 
figures. 

Of the 17 stations in the main scheme 12 are scaffold signals and 
5 are ground signals. The scaffolds range from 30 to 143 feet in 
height. Owing to the gi-eat size of the trees it was usually prefer- 
able to build a scaffold to see over them, rather than to attempt to 
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clear the lines of sight. Some of the scaffolds were built around 
trees. 

Besides the line of deep-sea soundings carried south from Nogas. 
Island, two lines were carried across the Moro Gulf, and another 
line was carried from Basilan Strait to the south coast of Panay. 
A total of 439 miles of deep-sea sounding lines was run. The deepest 
sounding was taken in crossing the Sulu Sea, where a depth of 
2,824 fathoms, or 3^ miles, was obtained. 

Four current stations were established. 

Work was closed for the season in the latter part 6f June and the 
vessel proceeded to Manila for repairs, arriving there on June 30. 

[I . B. T. SiEMS, Commnnding Steamer Romhlon, July 1 to December 31, 1915. J 

Summary of results. — Reconnoissance : Length of scheme 6 miles, 50 square 
miles of area covered, 4 lines of intervisibility determined, 2 points selected 
for scheme. Triangulation : 59 square miles of area covered, 4 stations in main 
scheme occupied for horizontal measures, 6 stations in supplemental schemes occu- 
pied for horizontal measures, 9 geographic positions determinetl. Topography : 41 
square miles of area surveyed, 74.4 miles of general coast line surveyed, 2 topo- 
graphic sheets finished, scale 1 : 20,000. Hydrography : 628 square miles of area 
covered, 4,197.3 miles run while sounding, 12,976 angles measured, 69.266 sound- 
ings made, 5 tide stations established, 11 hydrographic sheets finished, scales 
1 : 20,000, 1 : 40,000, 1 : 80,000, and 1 : 100,000. 

In July, 1915, hydrography was in progress in Taytay Bay, east 
coast of Palawan Island. This work was completed August 12. 

Numerous dangerous coral heads were discovered eastward of the 
islands in Taytay Bay. 

A shore party was left in the field to complete the hydrography 
in an unsurveyed area between Norte Point, Dumaran Island, and 
Bay Point, Palawan Island, while the Bomhlon went to Manila for 
minor repairs. On the return of the vessel work was continued to 
fill in gaps in the hydrography and to develop a large number of 
shoals east of Paly Island and north of Dum>iran Island. Many 
dangerous coral heads were discovered in these areas. 

The hydrography of two unsurveyed areas, one north of Hoc Island 
and the other stretching northward from Binulbulan Island along the 
Palawan coast, together with the topography of the latter coast, was 
then taken up, and after their completion the inshore hyclrography 
and topography were carried around the north end of Palawan to 
Bacuit, a municipality on the west coast. At the same time the off- 
shore hydrography north of Palawan Island was carried westward 
from former limits to longitude 119° 23^', joining on the north with 
the work of the steamer Fat homer. 

One additional triangulation point in th& coastal triangulation 
scheme of northwestern Palawan was established and determined, and 
a reconnoissance determining the next figure in the triangulation was 
made. A few intersection points were also established for control of 
the detail surveys. 

The work done completes the survey of the coast from Bacuit on 
the weit coast around the north end oi Palawan to Flechas Point on 
the east coast, including Dumaran and other off-lying islands. 

Tide stations were established at Darocotan Island and Bacuit. 
The automatic tide gauge at Araceli was kept in operation until 
November 22. 

Work was closed for the season on December L 
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[R. R. LuKXNS, Commanding Steamer Romblon, February 29 to June SO, 1916.] 

SuMMABT OF BESULT8. — ^Triangulution : 200 square miles of area covered, 6 
observing tripods and scaffolds built, 8 stations in main scheme occupied for 
horizontal measures, 2 stations in supplemental schemes occupied for horizontal 
measures, 3 stations occupied for vertical measures, 18 geographic positions de- 
termined. Leveling: 5 permanent bench marlss established, 0.7 mile of levels 
run. Magnetic work^Shlp swung for compass deviation at 1 station at sea. 
Topography: 5 square miles of area surveyed, 26 miles of general coast line 
survey e<l, 2 topographic sheets finished, scale 1 : 20,000. Hydrography : 272 
square miles of area covered, 2,339 miles run while sounding, 7,398 angles meas- 
ured, 22,102 soun#ings made, 2 tide stations established, 1 current station occu- 
pied, 3 hydrographic sheets finished, scales 1 : 20,000 and 1 : 40,000. 

On April 10, 1916, necessary repairs being completed, the steamer 
Romblon sailed from Manila for the working grounds in the. vicinity 
of the Cabulauan Islands, North Palawan, arriving at Coron on the 
following day. Hydrographic work was begun immediately and was 
continued until April 28, when it was necessary to proceed to Manila 
for minor repairs. The vessel returned to the working ground on 
May 6. 

When possible, four parties were operated, one engaged on tri- 
anffulation, one on topography, and two on hydrography. 

The hydrography was the principal work done during the season. 
Besides the new work necessary to complete the chart of the vicinity 
there were many split lines to be run and shoals to be developed in 
work left by a previous party. In all there were about 40 shoals and 
banks developed. 

The topographer consisted of the delineation of five small islands. 

The tnangulation consisted of two figures extended from the sec- 
ondary line Cabulauan-Linapacan and was tertiary in character. 
From the main stations several intersection stations were cut in to 
serve as control for the topography and hydrography. The summits 
of all of the islands had been cut in from the triangulation of the 
Cuyos and Palawan in previous years. Signals were now built on 
these peaks, the determinations of which agreed closely with the old 
work. 

A tide staff was erected in the bight on the southwestern side of 
Cabulauan Island, and observations were made for connecting it with 
the Puerto Princesa staff. This staff being carried away by the 
waves another was erected near the southwestern end of Nangalao 
Island. 

[P. M. Tbueblood, Oommanding Steamer Marinduque, July 1 to December 29. 

1915.] 
• 
SuMMABT OF RESULTS. — Trlangulation : 2 square miles of area covered, 18 

signal poles erected, 10 stations occupipd for horlzontnl measure--, 15 geographic 
positions determined. Topography : 49 square miles of area surveyed, 104 miles 
of detail coast line surveyed, 1 mile of creeks surveyed, 5 miles of roads sur- 
veyed, 3 topographic sheets finished. Hydrography: 373 square miles of area 
covered, 4,170 miles run while sounding, 56,070 soundings made, 2 tide stations 
established, 4 hydrographic sheets finished. 

This vessel was employed on combined surveys of the eastern coast 
of Busuanga and adjacent islands and offshore hydrography north 
of Busuanga Island until the middle of October. She was then trans- 
ferred to the western approach to Coron Bay, where she worked 
until the middle of December and then proceeded to Manila, 
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board, and woH^ was resumed on the main-scheme triangulation. The 
vessel was transferred to the west coast of Palawan. A new station, 
Limestone Ridge, was established and station Mayday was occupied, 
and afterwards station Stripe Peak (4,800 feet) was occupied. Sta- 
tion Arrecife was established to take the place of Fondeado, and 
parties were sent to occupy Moimt Peel and Limestone Ridge. 

[O. W. SwAiNSON, Commanding Steamer Research, July 1, 191.5, to May 9, 1916.1 

Summary of results. — Reconnoisance : liength of scheme 47^ miles, 400 
square miles of area covered, G6 lines of intervisibillty determined, 8 points 
selected for scheme. Triangulation : 400 square miles of area covered. 47 signal 
poles erected, 20 observing tripods and scaffolds built, 13 stations in main 
scheme occupied for horizontal measures, 4 stations in supplemental schemes 
occupied for horizontal measures, 8 stations occupied for vertical measures. 43 
geographic positions determined. leveling: 3 permant^nt bench marks estab- 
lished. Topography : 248 square miles of area surveyed. 197.3 miles of general 
coast line surveyed, 22 miles of shore line of creeks surveyed, 4.7 miles of roads 
surveyed. 11 topographic sheets finislie<l, .scaler? 1 : 10,(KK) and 1 : 20,000. Hydrog- 
raphy: 639 square miles of area covered, 3,767.7 miles run while soundiug. 
13,339 angles measured, 43,412 soundings made, 2 tide stations establishe<l, 17 
hydrographlc sheets finished, scales 1 : 10,000, 1 : 20,000, and 1 : 40,000. 

At the beginning of July, 1915, the party on the steamer Research 
was engaged in topography and hydrography off the east coast of 
Masbate Island in the vicinity of llasbate Harbor. The work pro- 
gressed northward until on July 23 it connected with the old work on 
a line from Port Barrera to the south end of Burias Island. After 
tills date work was resumed at the south end of Burias Island and 
carried northward to Colorado Point and Anima Solo Island and 
then down the Luzon coast from Caurusan Point to Port Putiao. 
After the hydrography and topography at this area were finished, at 
the end of November, the work in Sorsogon Bay was taten up. 

The triangulation of Burias Pass south of fcu^anoso-Macoto had 
been done during the last half of the previous hscal year. Conse- 
quently, no more triangulation was required until August 1, by 
which time the work had progressed as far north along the east 
coast of Burias as Buyo Point. 

Upon the return of the vessel from Cebu the triangulation north 
of Enganoso-Macoto was taken up. Seven days were required to 
build the 18 signals and five days for the observing. Two days were 
required to clear the line Macoto-Caurusan. 

The triangulation of Sorsogon Bay was begiin on December 10 
and finished December 16. Four of the old stations were recovered. 
The Ticao Pass scheme was joined to the 1902 Sorsogon Bay scheme 
on the line Wet-Rock. As the station Wet was too low for survey 
purposes, a new station Dry was established. 

Signals for the hydrography were located by triangulation. 

The topography was controlled by triangulation stations from 2 
to 4 miles apart. Traverses were run with the plane table between 
these stations. The contours were obtained as far inland as could 
be seen. These were supplemented by elevations determined offshore 
from the ship. 

The ship hydrography and launch hydrography were carried on 
simultaneously with the topography until October 1, after which 
date and until the end of December most of the hydrogi-aphy was 
4one with the launch. 
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The automatic tide gauge in Port San Miguel was kept in con- 
tinuous operation until ^vember 26. A tide station was estab- 
lish^ in Fort Boca Engano and another one in Port Busuanga. 
Tides were read at the Bagatao station for the Sorsogon work. 

After the general survey of Sorsogon Bay was completed on 
February 11 the offshore hydrography at the north end of Burias 
Pass was resumed and carried to completion. While in this vicinity 
a search was made for a reported rock back of Kefugio Island in 
Pasacao Harbor, but no indications of the rock were found. 

TTpon the completion of the work in Burias Pass on Februrary 26 
the triangulation across southern Luzon to connect Ticao Pass with 
the eastern coast of Luzon was begun. On account of unfavorable 
weather this was not finished until April 20. 

On April 22 the vessel proceeded to Iloilo to obtain bids for 
repairs and to make a survey of Oton Bank and other places in that 
vicinity. The work on Oton Bank had been begun when the vessel 
was ordered to Manila for repairs, arriving there May 12. 

The survey of Sorsogon Bay included a hydrographic survey of 
the entire bay and a topographic survey of the eastern half. 

During the course of the work a typhoon anchorage large enough 
to accommodate one coasting steamer was discovered back of Sa- 
blayan Island. 

In February large signals were built at the triangulation stations 
in Burias Pass. 

Triangulation was carried across southern Luzon just north of 
Sorsogon Bay in order to connect the Ticao Pass scheme with that 
along the eastern coast of Luzon. In this work the Research worked 
in conjunction with a land party on the eastern coast. Two months 
were required to accomplish this. 

[F. S. BOBDEN.] 

Summary of results. — Triangulation: 28.") square miles of area covered. 
8 signals and scaffolds erected, 3 stations occupied for horizontal measures, 2 
stations occupied for vertical measures, 2 geographic positions determined. 

On February 23 instructions were issued for the work of recon- 
noissance and triangulation needed to complete the quadrilateral 
spanning the island of Luzon with Mount Mayon as its northwest 
angle, also a reconnoissance for and the erection of signals at the 
next two stations to be located on Batan Island and San Miguel 
Island, respectively. 

The party for this work arrived at Legaspi February 26 and 
went into camp at Libog, and on the following day selected a suit- 
able point for the station on Mount Mayon. The signal on Mount 
Mayon was completed on March 2. On March 3 a point was selected 
on "San Miguel Island, and the signal completed on March 5. On 
March 7 the party proceeded to Batan Island to build the signal on 
Mount Vizcaya. Considerable clearing was necessary here. By 
March 10 the signal was built and lines cleared to JRock Dome, 
Mayon, and San Miguel. On March 10 the angle Mayon to San 
Miguel was measured. The signal at Kock Dome at this time had 
not been built, so that no othei- observing could be done at this 
station and the party returned to Libog. 
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On March 12 the party went into camp on Mount Mayon. Helio- 
tropes were shown from this time to signal Donsol, Castilla, and 
Rock Dome for the use of the party on the steamer Research. During 
the remainder of the month clouds obscured Rock Dome and no 
observations could be made on that signal. On April 1 the weather 
cleared and Rock Dome was visible at intervals long enough to 
finish observations at Mayon. During this period 'of clear weather 
which lasted four days a heliotrope was shown to Rock Dome from 
San Miguel as well as from Mayon. 

On April 10 supplemental instructions were received to continue 
showing heliotropes to Rock Dome until observations were completed 
at that station and in the meantime to occupy San Miguel and 
Vizcaya if possible. On April 18 Rock Dome again cleared and 
observations were completed at San Miguel on the 20th. A telegram 
was received on the 21st from the steamer Research stating that 
observations had been completed at Rock Dome. The paity i*e- 
tumed to Le^aspi April 22, and in accordance with instructions left 
Legaspi on the nrst available steamer, April 26, arriving at Manila 
on the 28th. 

Special Ditty. 

3iassaciiu8f/its. 
\1':rification of speed trial covrse. 

fH. p. RlTTEB.] 

In August, at the request of the Navy Department, instructions 
were given for the verification and marking of a trial course for • 
submarines in Cape Cod Bay. 

The course (1 nautical mile) as originally laid out by the lilectric 
Boat Co., of Quincy, Mass., had been verified by the Coast and 
Geodetic Survey in 1909. 

It consisted of five parallel ranges. Ranges Nos. 1 (AVood-Knd) 
and 5 (Long Point) determined the mile; while the intermediate 
ones, Nos. 2, 3, and 4, determined the (j[uarter, half, and three- 
quarter mile. 

Each range had a front and rear pole, to the top of which was 
fastened a target. 

The targets were circular in form, 4 feet in diameter, and con- 
structed of narrow strips of wood placed horizontally with oi>en 
spaces between. Each target was originally [)ainted black and red. 
The targets of ranges Nos. 1 and 5 are now black and white. 

The poles were hickory weir poles, 7 or 8 inches in diameter, and 
their lengths above ground from *J5 to 35 feet. 

Each pole had four wire guys fastened to it just below the target 
leading to the ground at an angle of about 46° and anchored in 
the sand. 

The location of the course, as shown on the plan, had not less 
than 100 feet depth of water, and was a])proximately 2,100 feet 
from the shore line at range No. 1, 1,650 feet at ranges Nos. 2 and 3, 
1,800 feet at range No. 4, and 2,400 feet at ranjje No. 5. 

The positions of the ranjre i^olos wore verified, and the positions 
of those that wore found to have been moved were determined. 
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The directions of the ranges were verified by means of the original 
range hubs and checked by angular measures from United States 
Coast and Geodetic Survey triangulation stations, which had been 
used in verifying the ranges in 1909. 

The ranges were then made readv for immediate use by making 
the range poles perpendicular. All of the guy wires were made 
taut and replaced where missing. 

The cross-range signal between ranges Nos. 1 and 2 was replaced. 
This signal with the front target of range No. 2 makes a cross range 
that intersects the end of the course on range No. 5. 

The front range pole of range No. 2 is now near the edge of the 
shore, but as it forms part of the cross range it was thought best not 
to tnove it at present. The base of the pole was stren^hened and 
protected from the wash of the waves by incasing it in a block of 
concrete. As the front range pole of range No. 4 was found to have 
been moved back about 42 feet, a cross-range signal was erected be- 
tween ranges Nos. 4 and 5. It is so placed that with the front target 
of range No. 5 it makes a range that intersects the end of the course 
on range No. 1. 

A profile was constructed showing the heights and positions of 
the range targets with reference to sea level and to one another. 

An examination was also made of the range signals of the speed 
trial course Ijing to the northwestward of the submarine course to 
ascertain their condition and the probable cost of repairing and re- 
painting them. 

CURBENT OBSERVATIONS IN CAFE GOD CANAU 

[H. P. RlTTEB.] 

At the request of the chief engineer of the Cape Cod Construction 
Co., and with the cooperation of that company, a party was organized 
and a series of observations of currents was begun in December, 1915. 

The current observations were niiide in the center of canal section 
No. 225, this being a station at which current observations had been 
made during the previous summer by the engineers of the canal 
company. 

Observations of currents were made on December 8, 4, 7, and 8. 

In determining the velocities both current meter and floats were 
used. The velocities were observed at depths of 2 feet and 4 feet 
and then continued at 4- foot intervals until the bottom was reached. 
Two hundred and fifteen velocities were measured with the meter. 

The float observations consisted in timing the passage of the float 
between two ranges 500 feet apart. The ranges were at right angles 
to the axis of the canal, one of them coinciding with the section on 
which the meter observations were made. 

One hundred and nineteen float determinations were made. 

The elevation of the surface of the water at the section, referred 
to a fixed datum, was taken at frequent intervals during the time 
that current observations were made. 

During the period when current work was under way the stage 
of the tide at both ends of the canal was recorded by automatic tide 
gauges augmented by staff readings. 

In the hitter part of December a comparison was made between 
the observations obtained by the Coast and Geodetic Survey observer 
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and those made by the canal companVs observers. The comparison 
showed that the velocities obtained by the Survey observer agreed 
closely with those obtained by the company, and the reduction of the 
data gave a close agreement of the deduced mean results. 

An independent reduction of the observations was afterwards made 
by the section of tides and currents of the Coast and (Jeodetic Survey, 
and the result was furnished to the chief engineer of the construction 
company. 

NEW YOKK. 

DETKRMINATIUN OF THE LONGITUDE OF THE 0B8EKVAT0BY OF THE BAU8CH A LOMB 

OPTICAL CO. AT ROCHESTER, I«. Y. 

[C. H. SiN(?L\iB and C. H. Swick.] 

In November, 1915, a determination was made by observers of the 
Coast and Geodetic Survey of the longitude of the obsiM-vatory of the 
Bausch & Lomb Optical Oo. at Rochester, N. Y. 

The field expenses were paid by the company, but the Survey fur- 
nished the observers and instruments. This cooperation was entered 
into by the Survejr as the results will be of value to the public and 
not only to the optical company. 

Signals were exchanged with the Washington station on Novem- 
ber 17, 24, and 25, and observations were made also on the 26th, but 
owing to difficulty with the telegraph wires no exchange was pos- 
sible on that night. 

It was impossible at that time to get a point on the ground in the 
meridian by means of which outside objects might be referred to 
the observatory. 

The observer returned from Rochester to Washington on Decem- 
ber 8. 

In June the Coast and Geodetic Survey observer returned to 
Rochester for the purpose of determining the latitude of the Bausch & 
Lomb observatory, which, on account of unfavorable weather, had 
not been possible when the longitude was determined. 

The instrument was mounted on the pier of the transit circle in 
the observatory on June 6, but it was not until the 12th and 13th that 
the weather cleared and the determination was made on 24 jiairs of 
stars. 

On the 22d a meridian was determined and marked on the ground, 
and on the 23d and 24th theodolite angles were observed on promi- 
nent local objects, and bases along St. Paul Street were furnished 
partly by the city engineer, so that their position became known. 

KENTUCKY AND TENNESSEE. 

DETEBMINATION OF THE LATITUDE OF TWO POINTS ON THE KENTUCKY AND 

TENNESSEE BOUNDARY. 

[C. H. Sinclair.] 

Between March 27 and April 24. at the request of the State offi- 
cials, a determination was made of the latitude of two points known 
as the Reelfoot Lake Stone and the Bushy Pond Stone on the bound- 
ary between Kentucky and Tennessee. 
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Observations were obtained at Reelfoot Lake between March 31 
and April 12 and at Bushy Pond on April 16, 17, 18, and 19, and the 
observer returned to Washington on April 20. 

DISTRICT OF COLUKBIA. 
[F. B. T. SlEMS.] 

On June 6, 1916, the elevations of two temporary points, respec- 
tively on the southeast comer of slip No. 2 and the southeast comer 
of slip Xo. 4 of the United States Navy Yard, Washington, D. C, 
were determined and referred to bench mark No. 14 in terms of mean 
low water. 

The two points referred to are nails driven in the outer timbers of 
the piers and their elevations are the heads of these nails. Their 
locations were selected with a view to their being used for placing 
tide staffs so as to read tides directly referred to a datum oi 3 feet 
below mean low water for the use of ships coming into the harbor. 

ECHHUT OF UNITED STATES COJUBT AND QSODSTIC 8UBVET AT NSW NATIONAL MUSEUM. 

[W. E. Parker.] 

This year marks the one-hundredth anniversary of the organiza- 
tion of the Coast Survey, which in recent years has been known as the 
Coast and Geodetic Survey. It was accordingly deemed fitting that 
this long period of useful work should be commemorated in a suitable 
manner, and the most appropriate form of celebration seemed to be 
an illustrated exposition of the work of the Service. Eminent men 
were invited to speak upon those phases of the Survey's activities 
with which they are best acquainted, and in this way practically all 
of the various kinds of work which this Bureau undertakes were 
commented upon by experts not connected with the Bureau. These 
papers covered the past and present work of the Bureau and in a 
measure the possibilities for greater results to be accomplished. 

This report is descriptive of the exhibition which was held in 
conjunction with these exercises, and in a measure serves to illustrate 
the papers presented there. 

The exercises were held in the auditorium of the New National 
Museum at Washington, D. C, on the afternoons of April 5 and 6 
and on the evening of April 6, 1916. The exhibits were placed in 
the foyer of this tuilding, occupying nearly the entire hall, and 
were open to the public from 10 a. m. until 11 p. m. of April 5 and 
from 10 a. m. until 6 p. m. of April 6. Arrangements were then made 
to continue the exhibition beyond the intended period, and it was 
maintained until April 10, but was open to the public only during 
the usual hours of tne museum. 

General descriptions of exhibits, — Briefly, the exhibition consisted 
of samples of the products of the Bureau, the tools with which these 
products were made, and views of the processes. 

The development of each particular instrument and process was 
illustrated, as far as possible, by the oldest and newest types of instru- 
ment or apparatus which have been and are now in use m this Bureau 
and by pnotographs or cuts showing the methods of using thne 
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instruments and appliances. Charts and maps were given a promi- 
nent place in the exhibition, and nearly all types which are now 
issued, or have been issued in the past, were included. 

The instruments were arrangea along the left side of the foyer, 
as approached from the strt^t entrance. They were grouped in 
accoraance with the particular kind of work for which they are used, 
an effort bein^ made to take up each step in the gathering of data 
for chart makmg in its logical sequence. The first group consisted 
of field astronomical instruments; the second, of magnetic surveying 
instruments; the third, of base-measuring and triangulation instru- 
ments; the fourth, of hydrographic surveying instruments, inchid- 
ing apparatus for recording and predicting tides; the fifth, of topo- 
graphic surveying instruments; and the sixth, of leveling and grav- 
ity-measuring instruments. The fifth group should have preceded 
the fourth in order to preserve exactly this program, but the other 
arrangement was better suited to the space. 

The charts and maps were fastened to screens and were arranged 
along the right side of the foyer in two rows. As far as possible 
the oldest obtainable chart was placed beside a recent Coast and 
Geodetic Survey chart of the same locality. The knowledge of the 
coast of the United States before the creation of the Coast Survey 
was shown by a volume of the Atlantic Neptune, which contains 
about the best set of charts of that date. 

The work of the officers of the Coast Survey during the Civil War 
was shown by a series of maps, sketches, and tracings, which were 
prepared by these gentlemen for military purposes while attached to 
the staffs of the various military and naval commanders. 

The methods of printing charts were illustrated by an engraved 
plate and by a lithograph plate and stone. These were placed with 
the chart exhibit. 

The progress of the surveys to date was shown by several base 
maps of the United States and possessions upon which the present 
extent of the surveyed areas was indicated in colors. These maps, 
too, were included with the charts on the right side of the hall, as 
were also several tables of statistics and various publications, includ- 
ing a full set of the Superintendent's annual reports and samples of 
field and office records. 

A set of more than one hundred enlarged prints from the collec- 
tion of negatives in the office and from several private collections 
were displayed from cases arranged along the central lino of the 
foyer. These photographs depicted methods of transporting field 
outfits, usual and unusual methods of surveying, and camp and ship 
life. 

On the columns on each side of the foyer, beginning at the first 
column on the left and ending at the first on the right, were hung in 
order of service the photographs of the past Superintendents of the 
Bureau. 

The decoration of the space was confined to three spans of flags 
extending across the central aisle with the name of the Bureau and 
the dates, 1816-1916, suspended against the first set of flags. The 
first span consisted of the Coast and Geodetic Survey flag and the 
Supenntendent's flag; the second span, of two national ensigns; 
and the third span, of two Coast and Geodetic Survey flags. 
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A supply of each of the following publications, together with a 
program of the exercises held in the auditorium, were distributed 
xreelv from a table near the street entrance to the exhibits: The 
WorK of the United States Coast and Geodetic Survey; Military 
and Naval Service of the United Spates Coast Survey; and the 
special chart of San Francisco, which was prepared for the Panama- 
f'acific International Exposition. Other publications were supplied 
on request, or, if not on hand in sufficient quantities, were mailed 
from the office. 

EXHIBIT OF COAST AND GBODSTIC SUWXT AT ** ftAISTT-IIBST " BXPOSITION. 

[W. F. FBABODT.] 

An exhibit was made by the Coast and Greodetic Survev at the 
^^ Safety-First ^' Exposition held at the United States National 
Museum, Washington, D. C, during the week beginning February 
21, 1916, to demonstrate the fact that a correct nautical chart is the 
most important safety appliance that the navigator can have. 

The exhibit was designed especially to illustrate the various steps 
necessary in the construction of a chart from the first work of the 
surveying party to the prijQting of the completed chart. The instru- 
ments and appliances used in the field and office work were also 
illustrated. 

The exhibit of the Coast and Geodetic Sun^ey consisted of a model 
of the wire dra^, a series of sketches illustrating the development 
of a mariner's chart, and grouped near each sketch some of the in- 
struments, tools, and data used in the work illustrated. Copies of 
charts and other publications were also shown. 

The exhibit was further designed to demonstrate the great value of 
a chart in preventing loss of life and property at sea and on the 
inland waters and to exhibit in a popular manner the detail work 
necessary to construct the safest chart for the mariner. 

In logical order were shown the means for locating the starting 
point 01 a survey (determination of latitude and longitude), de- 
termination of the true and magnetic north from this point, measure- 
ment of base line, determination of triangulation points, topographic 
surveying, hydrographic surveying, tidal observations, computing, 
compiling, drawing, engraving, electrotyping, printing, etc. 

On February 25 tne Superintendent gave an address at the National 
Museum on the subject oi the Coast and Geodetic Survey in relation 
to " safety first." 

CALIFORNIA. 

PANAMA-PACIFIC INTKKNATIONAL EXPOBmOlf. 

(K. F. DiCKINR.] 

The Panama-Pacific International Exposition closed at midnight 
on December 4, 1915. 

The articles forming the Coast and Geodetic Survey exhibit were 
packed and shipped by the naval collier Mars by way of the Panama 
Canal to the office of tne Survey at Washington. 

The exhibit of the Survev attracted much attention from surveyors, 
educators, and students, who manifested great interest in the instru- 
ments and apparatus shown. 
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The special chart of San Francisco Entrance and Special Publica- 
tion No. 23jThe United States Cioast and Greodetic Survey, Descrip- 
tion of its Work, Methods and Organization, were distributed to per- 
sons interested. 

Several awards of medals and diplomas were made to the Survey by 
the board of awards of the exposition. 

DISTBICT OF COLtTHBIA. 

ezhibrr of coast and geodetic subvey at meetinq of united states chaicbeb 

of commerce. 

[Ihaac Winston.] 

By the direction of the Department an exhibit was prepared 
illustrative of the work of the Coast and Geodetic Survey as a part 
of an exhibit intended to show the activities of the bureaus of the 
Department in relation to commerce and industry, which was open 
during the meeting of the Chamber of Commerce of the United 
States held in Washington. February 8, 9, and 10. 

The exhibit was ready tor inspection by the secretaries of cham- 
bers of commerce of cities of 100,000 or more inhabitants, who were 
invited by the Secretary of Commerce to assemble in Washington 
on February 4 and 5 in advance of the annual meeting of the 
delegates. 

The exhibit was installed in the small ballroom of the Willard 
Hotel, and the following bureaus participated: Bureau of Stand- 
ards, Bureau of Lighthouses, Coast and Geodetic Survey, Bureau of 
the Census, Bureau of Fisheries, Bureau of Navigation, Steamboat- 
Inspection Service, and Bureau of Foreign and Domestic Commerce. 
In addition certain articles from the Department of Agriculture and 
from the Bureau of Education of the Interior Departuient were on 
exhibition. 

In addition to examples of technical and chart publications of the 
Coast and Geodetic Survey, there were shown a large diagram repre- 
senting the organization of the Survey and a number of placards 
stating briefly the work accomplished and yet to be done and the 
requirements of the service. 

The condition of the hydrography on the Atlantic, Gulf, and 
Pacific coasts was shown by a series of special charts. Maps exhibit- 
ing the triangulation net in the United States; the precise leveling 
net; the triangulation and leveling needed in Alaska; and the mag- 
netic, telegraphic longitude, leveling, and astronomic work completed 
or proposed to be done by the Survey were shown. 

A chart of New York Harbor was exhibited, showing the correc- 
tions necessary during one year, and also charts showing changes of 
shore line that have occurred in New York Entrance, Assateague 
Anchorage, and the Mississippi Delta. Typical charts were shown of 
Portland Harbor, Boston Harbor, Narragansett Bay, New York 
Entrance (Bay and Harbor), Delaware Bav, Baltimore Harbor, 
Hampton Roaas, Charleston, Key West, Port Arthur, Galveston, San 
Diego, San Francisco, and Seattle. 
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MAINE. 

EXHIBIT OF THE OOAST AND GEODETIC BUBVEY AT THE II8H FAIR HELD AT BA8T- 

POBT, MM, 

[B. B. Latham.] 

At the Fish Fair held at Eastport, Me., on December 22, a number 
of charts of the coast of Maine and a few other charts published by 
the Coast and Geodetic Survey were shown, together with coast 
pilots, tide tables, and other publications oi the Bureau. These 
and publications of the Bureau of Navigation, Steamboat-Inspection 
Service, Bureau of Foreign and Domestic Commerce, and Bureau of 
Lighthouses comprised the exhibit. 

The fair was attended by about 5,000 people. 

The officials of the fair expressed their satisfaction as to the ex- 
hibit made by the Survey. 

NEW YORK. 
EXHIBIT OF THE OOAST AND GEODETIC BUBVEY AT NATIONAL MOTOR BOAT SHOW. 

[E. B. Latham.] 

An exhibit was made of the charts and publications of the Coast 
and Geodetic Survey and of publications of some of the other 
bureaus of the Department of Commerce at the National Motor Boat 
Show held in the Grand Central Palace, New York City, Januarj- 
29 to February 5, 1916. 

An officer of the Survey was assigned to prepare and take charge 
of the Bureau's exhibit. 

The attendance at the show during the seven days it was open 
was, approximated, 100,000. 

Charts, maps, pnotographs, and sketches illustrating the work of 
the Survey were displayed on the wall space assigned for .the purpose, 
and the various publications of the Survey and other bureaus ox 
the Department of Commerce werei shown on a counter in front of 
the space occupied. 

Much interest was shown, and the various publications were ex- 
tensively examined. 

Charts of various parts of the coasts, harbor charts of the Atlantic 
and Pacific coasts and the Canal Zone, and charts of the vicinity of 
New York to the number of 56 were displayed. Besides these a 
number of other charts were on hand and were shown to persons 
who expressed a wish to see them. 

Among other objects exhibited were a diagram published by the 
Bureau of Standards showing the units of the metric system, a' card 
showing the flags of the Department, two charts issued by the Bureau 
of Fisheries calling attention to the tile fish and sea mussel as valu- 
able articles of food, a complete file of coast-pilot volumes, inside- 
route pilots, and tide tables published by the Coast and Geodetic 
Survey. 

One hundred and twelve different publications of the Depart- 
ment were exhibited and a number were distributed to the public. 
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A standard chart showing the extent, date of, and the source from 
which the information was obtained for the chart, and also the dates 
on which the various changes, etc., were applied to the plate from 
which the chart was printed, was exhibited. 

Pictures of the wire drag and of the apparatus used in its opera- 
tion attracted much attention. 

Of the visitors who manifested an interest in the display made by 
the Survey, many were motor-boat men or persons directly inter- 
ested in the charte and publications of the Bureau and of the Depart- 
ment. 

The managers of the motor-boat show expressed themselves as be- 
ing greatly pleased with the exhibits made by the Survey. 
Respectfully, 

E. Lester Jones, 

Huperintendent. 
To Hon. William C. Redfield, 

Secretary of Commerce^ 
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